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RIBONUCLEASE: 
Chart of analysis 
allows precise 
quantitation of 
amino acids and 
related compounds 
in 3 mg acid 
hydrolyzate 
sample of bovine 
Ribonuclease A. 
In addition to 
protein and peptide 
hydrolyzates, 
other materials 
which can be 
automatically 
analyzed include 
physiological 
fluids, foods, 
pharmaceuticals 
and components of 
plant and micro- 
biological systems. 
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ANALYZE FOR 
20 AMINO ACIDS 
IN LESS THAN A DAY 


... do it routinely with the 
Beckman /Spinco Model 120 
Amino Acid Analyzer 


New features include preparative column 

A new Spinco Preparative Column and Stream 
Divider Accessory is now available for use with the 
Model 120 Analyzer. In addition, the versatility 
of the instrument itself has been greatly increased 
by anew valving system which also allows 

use of external columns and accessories, including 
fraction cdllector and scintillation counter. 


Amino acid analyses can be done for you quickly, 
accurately, automatically, by the Beckman/Spinco 
Analyzer. Simpler runs are finished in less than a day, 
the most complex within two days. 


The instrument employs the Spackman-Stein- Moore 
technique of automatic recording ion-exchange 
chromatography. With it a typical analysis takes only 
half a day of operator time. Five to ten times as many 
operator hours would be required for analysis by 

older bio-assay or manual chromatographic techniques. 


Compared with earlier analytical methods, operation 
of the Beckman/Spinco Analyzer is simplicity itself. 
Asmall sample is placed on a chromatograph 

column in the instrument and the analysis is begun. 
As the sample goes through the Analyzer, 

a permanent picture is recorded of the amino acids 
present and their precise amounts. 


More than 100 Spinco Amino Acid Analyzers are 

now in use around the world. If your research 
involves—or could involve—amino acids, write now for 
information on this remarkable research tool. 
Address Beckman Instruments, Inc., Spinco Division, 
Stanford Industrial Park, Palo Alto 5, California. 


ge IN yo 


Beckman: 
Spinco Division 


Beckman Instruments, Inc. 


SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 








AROUND THE WORLD IN 80 80 DG 


This is not just a saying at NBCo. Our organization is geared to process all orders so 
that biochemicals will be delivered anywhere in the world to arrive within 80 hours or 
less. Naturally, orders in the U.S. will arrive within 24 hours. Our tremendous stocks 
of the purest biochemicals sell at the lowest prices and 
include over 800 Amino Acids - Over 90 Peptides - Over 
200 Nucleoproteins, Purines, Pyrimidines + Miscellaneous 
Biochemicals + Vitamins + Enzymes-Crystalline, Purified 
* Growth Factors + Steroid Hormones « Biological Salt 2600 items. Fill out coupon and 
Mixtures and Test Materials + Carbohydrates - Purified mail today for your copy. sc 


| SEND FOR OUR 
| 
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| 
| 
| 
| 
Proteins + Fatty Acids « Antibiotics » Alkaloids + Glan- Dna 
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dependable purity 
in 4,309 
laboratory chemicals 
SPECIFY MC&B 





MC&B manufactures or processes almost every laboratory chemical, 
checks every lot against specifications and stocks them all. ee 
Also stocked by the nation's finest distributors. Miatheson Cole 
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Air photo of Meteor Crater, Arizona, and the Canyon Diablo Area where coesite has 
been found by scientists of the U.S. Geological ‘Survey in the course of studying 
specimens of sheared Coconino sandstone. See page 220. [John S. Shelton, Claremont, 
Calif.] 
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Pilatre de Rozier and Marquis d’Arlandes (November 21, 1783), 
using a Montgolfier balloon, were the first to leave the earth 
to test man’s physiologic reactions. This experiment was the 
forerunner of intensive Space Medicine studies of today. 


There is a relatively narrow zone above the surface of the earth 

in which man’s physiologic mechanism can function. Hence the 
unrelenting search by Lockheed scientists into many aspects of 
Space Medicine. 


Engineers already have equipped man with the vehicle for 
space travel. Medical researchers now are investigating many factors 
incident to the maintenance of space life—to make possible man’s flight 
into the depths of space. Placing man in a wholly new environment 
requires knowledge far beyond our current grasp of human biology. 
Here are some of the problems under investigation: The determination of 
man’s reactions; the necessity of operating in a completely closed 
system compatible with man’s physiological requirements (oxygen and 
carbon dioxide content, food, barometric pressure, humidity and 
temperature control); explosive decompression ; psycho-physiological 
difficulties of spatial disorientation as a result of weightlessness; toxicology of 
metabolites and propellants ; effects of cosmic, solar and nuclear ionizing 
radiation and protective shielding and treatment; effects on man’s circulatory 
system from accelerative and decelerative G forces; the establishment of a 
thermoneutral range for man to exist through preflight, flight and reentry ; 
regeneration of water and food. 


Exploration into unknown areas such as Space Medicine, provides endless 
stimulation to imaginative scientists and creative engineers. Research at Lockheed’s 
Missiles and Space Division covers the entire spectrum—from pure basic research 
to development work, in support of current projects. Space Medicine is but one 
phase of Lockheed’s complete systems capability in missiles and satellites. To maintain 
this position of leadership calls for an extensive research and development program— 
ranging from electrical propulsion research to advanced computer research, design 
and development. Typical current projects are: Man in space; oceanography ; fuel cells ; 
space station; space navigation; solid state electronics. 


Engineers and Scientists: If you are experienced in work related to any of the above 
areas, you are invited to write: Research and Deveiopment Staff, Dept. G-44, 962 W. El 
Camino Real, Sunnyvale, California. U.S. citizenship or existing Department of Defense 
industrial security clearance required. 


Lockheed | MISSILES AND SPACE DIVISION 


Systems Manager for the Navy POLARIS FBM; the Air Force AGENA Satellite in the 
DISCOVERER, MIDAS and SAMOS Programs; Air Force X-7; and Army KINGFISHER 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 
CAPE CANAVERAL, FLORIDA+ ALAMOGORDO, NEW MEXICO+ HAWAII 











IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


IN JULY—(1922)—the Journal of Biochemistry (Tokyo) reports the isolation 
and analysis of the prolamin of Hato-mugi (Coix lacryma L.). Hato-mugi is an 
Asiatic species of grass with large seeds called “Job’s Tears,” which are often 
strung as beads to pacify teething infants. Results indicate that it contains glu- 
tamic acid, leucine, tyrosine and the basic amino acids, arginine, histidine, and 
lysine, and resembles the prolamin of oats.’ 


Chemists who know their oats (or their Hato-mugi) will be interested in the 
Schwarz kit of 18 optically standardized natural amino acids. This kit provides 
reliable, convenient primary standards for chromatography, microbiological 
assay and other precise research and instructional purposes. Also available are 
bulk quantities of optically standardized amino acids for nutritional studies and 
manufacturing. In addition, most of these compounds are available with N** 


or C" labels. 


IN JULY—(1929) — Cowgill discusses the physiology of the substance hitherto 
called “vitamin B.”? This has recently been shown to consist of at least two 
physiologically-active factors. One is unstable at high temperatures and is effec- 
tive in preventing and curing beriberi; the other thermostable component is 
required along with the antineuritic factor for promoting growth and is prob- 
ably effective in preventing and curing pellagra. 


Today, we know that the anti-beriberi factor is an essential constituent of cocar- 
boxylase (thiamine pyrophosphate), while the anti-pellagra factor is a precursor 
of catalytic flavins such as flavin adenine dinucleotide (FAD). Schwarz 
BioResearch supplies both FAD and cocarboxylase, as well as other essential 


cofactors, including DPN, ATP, and adenylic acid. All are listed in our catalog. 
Write for it. 


IN JULY—(1959) — discussing the synthesis of organic compounds on the prim- 
itive earth, Stanley Miller and Harold Urey state: “The major problems remain- 
ing for an understanding of the origin of life are (i) the synthesis of peptides, 
(ii) the synthesis of purines and pyrimidines, (iii) a mechanism by which 
‘high-energy’ phosphate or other types of bonds could be synthesized continu- 
ously, (iv) the synthesis of nucleotides and polynucleotides, (v) the synthesis of 
polypeptides with catalytic activity (enzymes) , and (vi) the development of poly- 
nucleotides and the associated enzymes which are capable of self-duplication.”* 


The fundamental importance of nucleic acids in life processes is now universally 
recognized. Schwarz BioResearch offers a full line of nucleic acid compounds: 
DNA, RNA, nucleate salts, nucleotides, nucleosides, purines and pyrimidines, 
and pentoses. Also available is a complete line of amino acid derivatives, peptides 


and poly-amino acids. Many of these have been radiolabeled. Do you have our 
most recent catalog and price list? 


1. Hattori, G. and Komatsu, S.: The prolamin of Coix lacryma L. J. Biochem, J :365 (July) 1922. 2. Cowgill, G. R.: 


Recent studies in the physiology of vitamin B. Yale J. Biol. & Med. 1:353 (July) 1929, 3. Miller, S. L. and Urey, 
H. C.: Organic compound synthesis on the primitive earth, Science 130:245 (July 31) 1959. 


SCHWARZ BIORESEARCH, INC. «+ Dept.7B * Mount Vernon, New York 


BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 


SCIENCE, VOL. 132 


b—— 








you have your free copy of the Baird-Atomic Radioisotope Data Chart? If not, write today to Department U- 


BA/IRD-ATOMIC,/NC. ~ 











Uses fast Drabkin cyanmethemoglobin method—no 
matching cells, charts or computation. Technician 
simply prepares blood sample .. . slips test tube into 
Hemophotometer direct-reading clinical colorimeter ... 
reads hemoglobin immediately in grams per 100 ml of 
blood. Instrument is a compact 5 x 6 x 9 inches. Price 








174 


Reads hemoglobin directly, instantly 


FISHER 
HEMOPHOTOMETER’ 








is of the same magnitude—a modest $160. The Fisher 
Hemophotometer is fully described in an illustrated 4. 
page Bulletin FS-274. Call your local Fisher plant or 
write to: Fisher Scientific Company Feiss 
139 Fisher Bldg., 
Pittsburgh 19, Pa. 


FISHER SCIENTIFIC 


* th 


of Laboratory Appliances & Reagent Chemicals 





America's Largest M 


Boston Cleveland Philadelphia IN CANADA 
Buffalo Detroit Pittsburgh Edmonton 
Charleston, W.Va. Houston St. Louis Montreal 
Chicago New York Washington Toronto 
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brings you a great new formula 


for general - purpose centrifuging: 





*k CS = International’s all-new cabinetized centrifuge — a 
combination of CM economy plus SB speed and versatility 


INTERNATIONAL 


MODEL CS GENERAL-PURPOSE 
CENTRIFUGE 


for popular-priced versatility 


ADVANCED IN DESIGN! 









Only the new International Model CS Centrifuge * Stainless steel guard bowl for maximum safety, 
combines all these features at such a popular long life and easy cleaning. 
price: 


* Unitized control panel with speed controller, 
tachometer, electric brake, automatic timer and 


* New motor delivers higher speeds and forces: ilot light . . iently located. 
up to 5,500 rpm and 4,730 x G for routine GOR OO» «ee ' 
centrifuging; up to 23,400 rpm and 37,950 x G NO ADVANCE IN PRICE! 
with multi-speed attachment. Because of the productive skills and experience of. 


the world’s largest posyeeeragl = proven 

Ait centrifuges, you pay no more for this advance 

wa We ek dae oe design than you would for a time-tested Model CM 

Spee: + oe . with its separate cabinet stand. Get all the facts 

* Modern cabinetized construction with ample about the great new Model CS from your nearby 
storage space for heads and accessories. authorized International Dealer or write: 


INTERNATIONAL (EC) EQUIPMENT CO. 


BUILDING NO. 3B, 1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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* Wide-range versatility: capable of swinging all 











Infinitely variable Input & effluent sample splitting: linear, continuously 
Y P 
0-2000 v | variable over 50:1 to 500:1 range 


7-range 
electrometer, — 


Options: Radium, 
accurate to 1% 


Str-90, Tritium, or 
Flame Ionization 
detection 


Wheeico Electronic 
Potentiometer 
Recorder 


Separate temperature 
accurate to % of 1% 


control for sample, 
column, and detector 









Optional Integrator — 
Electronic or —— 


Amplitrol temperature 
mechanical 


— — — — control — 1% of scole 


wit re? Adaptable Model 20 with Argon or 


ISO-PENTANE e 


1 PENTANE ; Flame lonization plus Linear Splitter 


2, 2-DIMETHYLBUTANE E 
2, 3-DIMETHYLBUTANE 
3-METHYLPENTANE ‘ ° 

HEXANE In Model 20, proved Wheelco instrumentation has been 


integrated with pioneering advances in detector systems to 
| provide the greatest inherent accuracy available today. 
| Model 20 accepts packed or capillary columns with equal 
flexibility for argon or flare ionization detection. 





O™™mMON Sy 


100 ft, Nylon Capillary 
0.01" ID 

Squalane Coating 

Flash Heater 175° 

Column: Room Temp. 

Range: 1x10-!0 

Flame Detector 

Carrier: Helium « | 
60m. / min. | 





ee 











Convenient selection of a variety of operating parameters. 

Mechanical or electronic integrators and digital readout 

20 secie og 4° “50 60 accessories optional. Any of Barber-Colman Sales and Service 

N . . . 

Non... eats whalibeia of low bailing Offices will gladly supply details on the accuracy and flexi- 
hydrocarbons in seconds. bility of Model 20. Call them today. 














02°10 





a 
Wheelco Instruments Division 


Wie BARBER-COLMAN COMPANY 


COLMAN 


Dept. G, 15131. Rock Street, Rockford, Illinois, U.S.A. 
BARBER-COLMAN of CANADA, Ltd., Dept. G, Toronto & Montreal @ Export Agent: Ad. Auriema, Inc., N.Y. 
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WATER STILLS 
Capacities from 3% to 500 gal. /hr. 
Steam, Electric or Gas Heat. 





STERILIZERS 
Pressure Steam, Gas-Steam, 

and Gas. Chambers 16” x 16” x 24” 
to 60” x 66”x 120”. 





WY 8 £03 57035300) Ol C3 COr-UF 
EQUIPMENT ::: 


and you have to talk 
BIOGEN ° continuous culture apparatus to American Sterilizer ! 


For batch or continuous culture of pure @ Here at Amsco, sterilization is still of prime 

{f{ Microorganisms in controlled conditions. concern. However, to parallel the great strides of 
re modern biological technology, we've developed a 
number of highly specialized microbiological 
devices—all designed to do their job better with 
less personnel time and attention and at a cost 
well within practical limits. 





DRY BOX , : : 

Flexible film chamber: If you’ve a problem in this area, a letter to our 
Efficient, economical, Scientific and Industrial Department may lead 
easy to work with. to its economical resolution. 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 


AMERICAN 


ERIE PENNSYLVANIA 


FREEZE DRY APPARATUS 
Laboratory, pilot plant and 
production models. Used for the 
preservation and concentration World's largest designer and manufacturer of Sterilizers, 
of labile substances. Operating Tables, Lights and related biological equipment 





a 


Sef 

Ke lie: 
GERM FREE LIFE APPARATUS 
Complete service, including 
flexible operating, 
rearing and transfer chamber. 
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GET YOUR ADVANCE COPY 
of the General Program of the 
AAAS New York Meeting 
by first class mail — early in December 


The General Program of the 127th Meeting of the AAAS in New York, 26-31 December 
1960, will be available to you, at cost, within the first week in December—whether you can attend 


the Meeting or not. 


Program Content 


1. The two-session AAAS General Symposium, “Moving 
Frontiers of Science V’”—Speakers: Edward Anders, 
H. W. Magoun and George Wald. 


2. The “Challenge to Science” evening with Sir Charles P. 
Snow and Theodore M. Hesburgh. 


3. On “AAAS Day,” the three broad, interdisciplinary sym- 
posia—Plasma: Fourth State of Matter; Life under Ex- 
treme Conditions; and Urban Renewal and Develop- 
ment, arranged by AAAS Sections jointly. 


4. The Special Sessions: AAAS Presidential Address and 
Reception; Joint Address of Sigma Xi and Phi Beta 
Kappa; the Tau Beta Pi Address; National Geographic 
Society Illustrated Lecture; and the first George Sarton 
Memorial Address by Rene Dubos. 


5. The programs of all 18 AAAS Sections (specialized sym- 
posia and contributed papers) . 


6. The programs of the national meetings of the American 
Astronomical Society, American Nature Study Society, 
American Society of Zoologists, History of Science So- 
ciety, National Association of Biology Teachers, Scientific 
Research Society of America, Sigma Delta Epsilon, So- 
ciety for General Systems Research, Society for the Study 
of Evolution, Society for the History of Technology, 
Society of Systematic Zoology, and the Society of the 


7. The multi-sessioned special programs of the American 
Association of Clinical Chemists, American Astronauti- 
cal Society, American Geophysical Union, American 
Physiological Society, American Psychiatric Association, 
American Society of Criminology, Association of Ameri- 
can Geographers, Ecological Society of America, Myco- 
logical Society of America, National Science Teachers 
Association, New York Academy of Sciences—and still 


others, a total of some 90 participating organizations. | 


8. The four-session program of the Conference on Scien- 


tific Communication: The Sciences in Communist 
China, cosponsored by the AAAS, NSF, and ten s0- 
cieties. 


9. The sessions of the Academy Conference, the Confer- 
ence on Scientific Manpower, and the conference of 
the American Council on Women in Science. 


10. The sessions of the AAAS Cooperative Committee on 
the Teaching of Science and Mathematics, and of the 
AAAS Committee on Science in the Promotion of Hu- 
man Welfare. 


11. Titles of the latest foreign and domestic scientific films 
to be shown in the AAAS Science Theatre. 


12. Exhibitors in the 1960 Annual Exposition of Science 
and Industry—103 booths—and descriptions of their ex- 





Sigma Xi. hibits. 


Advance Registration 


_ Advance registration has these decided advantages: (1) You avoid delay at the Registration Center upon arrival; (2) 
You receive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to 
attend; (3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program. 


la. [) Enclosed is $3.50 for my advance Registration Fee which brings me the General Program, Convention Badge, and 
all privileges of the Meeting (50¢ is for first-class postage and handling) . 

Ib. 1 Enclosed is $2.50 for only the General Program. (It is understood that, if I should attend the Meeting later, the 

Badge-necessary for the privileges of the Meeting—will be secured for $1.00 more.) 

(check la or Ib) 


2. FULL NAME (Dr., Miss, etc.) 


+00 Oe 6 eh 0 00 0 0 600 © Oe 0.6 She 0 © ols. « © Ge © IUS © Slee o BUG Wee tne 6 a5e ie 0 is ole Clete 


(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
NI OMIA AITE SPUN PONIN oi. Ue ek aon uo 65 ww bed © tk W eRe EO alaalaliney, qleratata atte Ce cane Gal ee 
OOP IRE Se ee Pa cs ns vue av gin ea ob MAES whe ee ca bn eee ee 
cans (For receipt of General Program) 
RY aie ol are aN eid seme os! ZONE caees STATE 


6. CONVENTION ADDRESS 


(Mey be added later, after arrival) 
Please mail this Coupon and your check or money order for the total amount to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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APPLICATION FOR HOTEL RESERVATIONS 
127th AAAS MEETING 
New York, 26-31 December 1960 


The five hotels for the AAAS New York meeting have established special, low, flat rates and have reserved 
appropriately large blocks of rooms for this meeting. —Thus everyone making room reservations for the AAAS 
meeting is assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in New York. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in New York and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 230, Science, 22 July. Both the Com- 
modore and the Biltmore are AAAS headquarters hotels. 


Flat Rates for Rooms with Bath* 


Hotel Single Double Bed Twin Beds Suites 
Commodore $ 8.50 $14.00 $15.50 $21.00 to $52.50 
Biltmore 8.50 14.00 15.50 45.00 and up 
Roosevelt 8.50 14.00 15.50 39.00 to 43.00 
Belmont Plaza 8.50 14.00 15.50 30.00 and up 
Waldorf-Astoria 10.00 16.00 18.00 45.00 and up 











* All rates are subject to a 5% New York City tax on hotel room occupancy. 


- ae THIS IS YOUR HOUSING RESERVATION COUPON -—————-—-—-——-—-—-- 


AAAS Housing Bureau 
90 East 42nd Street Date of Application 
New York 17, N.Y. 


Please reserve the following accommodations for the 127th Meeting of the AAAS in New York, 26-31 December 1960: 


TYPE OF ACCOMMODATION DESIRED 


pale ROOM |. ..ccs. eee ae Double-Bedded Room ; ‘Twin-Bedded: Roem 2.26665 sce 

ER rere eee ete Desired Rate er (iat, RRR, ERAGE 2.2 4 Ss spel iana’e Wrerg'as eMrwiene aie oe eerercre ea 
(Desired rate and maximum rate apply only to suites) 

Number in party hs SEIN GOIN TOOM WILDE: 56.550 es a dlls. Ss ees Rea ae Oe 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


Waree: COMMS -FRONEE 5 peu by Oe aces Second Choice Hotel RES NOS TE a sc. Ssnmecewtuacious 
BATE OF ARRIVAB cc oA aca st she , RCE CRE, DAE ES .u.i Sasicck wings vat vm alninnc see eee euareecurene 
(These must be indicated—add approximate hour, A.M. or P.M.) 

ENG fav Sha anne ts an ME AEON GS SARAH De ei c,  Low acclg aceyern mcg nrtertramaeen Us FCCLA TET ee ee ee 

(Individual requesting reservation) (Please print or type) 
UES ONS SSRIS IRs. Sco ote aks ed na eee Citas saat Race re alk <n : aes § isin catenin: ech ened Wik eae aie 
(Street) (City and Zone (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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AUTOMATE 


 SEPARATORY 
FUNNEL WORK 


| with the 








EXTRACTO-MATIC 





Extracto-Matic eliminates bothersome manual operations in rou- 
tine separatory funnel extractions... just pour the two immiscible 
solvents into the specially designed separatory funnels and the 
“Extracto-Matic” does the rest. Twenty times per minute oscilla- 
tion and adjustable angled back plate assures the desired agita- NEW MICRO FUNNELS 
tion is obtained. 6 mi. and 12 ml. capacity fun- 

“Pyrex” brand glass Extracto-Matic separatory funnels are easy ms re peeling 
to fill, and pressure build up is automatically vented through the the new micro funnel back plate 
2 mm. opening in the Teflon lined Bakelite stopper. ten 6 mi. or 12 ml. samples can 

100 ml., 22 ml., and 500 ml. funnels are available with either  @ Processed simultaneously. 
glass stopcock, Ultramax Teflon stopcock, or Lab-Crest Teflon 
stopcock. The new 6 ml. and 12 ml. micro funnels are equipped 
with the Ultramax Teflon stopcock. 











THE VIRTIS COMPANY, INC., Gardiner, N. Y. 
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CUTS WEIGHING TIME 6O% 


Torsion’s dial — 
makes 
the difference 


With Torsion’s new 500 gram capacity balance you can make 
three times as many weighings per hour as before. Here’s why: 

Conventional laboratory balances use a graduated beam and 
slide weight for “fine” weighing after the weight has been 
determined to within 10 grams. Under the old procedure the 
balance is arrested, slide weight positioned, balance released, 
balance comes to rest, position of indicator noted, balance 
arrested again, slide weight repositioned and so on until the 
weight is determined within 0.1 gram. 

All this time consuming ‘“‘cut-and-try” procedure is replaced 
with a simple graduated dial which can be turned without 
arresting the oil-damped balance. This means that the time 
consuming part of the weighing (below ten grams) can be 
“dialed-in””—and in )4 the time. 

UNCONDITIONAL GUARANTEE 

In keeping with Torsion’s Million-Plus construction, the new 
Dial mechanism retains its original accuracy after more than 
a million weighings. That’s why Torsion Balance has uncondi- 
tionally guaranteed the accuracy of the entire Dial mechanism. 


+ Torsion Laboratory Balance DLTS 


Capacity: 500 grams 
Readability of Dial: .O2 grams 


Other Torsion Dial Balances 


Model DLT2 
Capacity: 120 grams 
Readability of Dial: 2 mg: 


Dy, 
a 
——— * 
ee 
* 


Model DLT2-1 
Same specifications 
as DLT2 but has scoop 
for seeds or other 
bulky material. 





The Torsion Balance “C.,jfany 


Main Office and Factory: Clifton, New Jersey @ Sales Offices: Chicago, San Francisco 
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Right now, more chemists are using 
the Coleman Junior Spectrophotometer 
than any similar instrument 


From the Gary Steel Mills to hospitals in 
Burma, Coleman Spectrophotometers are the 
most widely used in the world. 


Why? ... the answer is simple . . . it is sim- 
plicity! In this time tested instrument the 
most fundamental principles of spec- 
trochemistry are directly applied to an- 
alysis with an absolute minimum of 
manipulation. For large work loads, espe- 
cially in routine analyses, the Coleman Spec- 
trophotometer is absolutely without a peer. 
Its readings are completely dependable, and 
with its long history of success, procedures 
are available for almost any analysis. 


Manufacturing experience keeps price 


down, quality up. There are no “bugs” in 
the Coleman Junior... and it saves hundreds 
of dollars for its users by eliminating the usual 
tedious calibrations and manipulation ...a 
Coleman always pays for itself in a short time. 


New Ultramicro Analytical Program 
adds another step to the unusually wide 
range of sample sizes. Samples as small as 
100 microliters can now be handled with the 
same speed and simplicity as any Coleman 
macro procedure. 


Make this YOUR TARGET for today... 
ask your Coleman dealer for a demonstration 


in your laboratory or write for full details on 
this splendid instrument. Bulletin SB-240B. 





COLEMAN INSTRUMENTS, 


INC., MAYWOOD, ILLINOIS 
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Readers’ Service and 
Subscuption Card 


TEAR OUT THIS CARD eee are 


for further information on ads and to enter a subscription. Keep it 
handy while reading the advertising and New Products section. 
When you see an item that interests you, circle the corresponding 
number on the card. All inquiries received will be promptly for- 
warded to the appropriate manufacturer. 


HOW TO USE CARD 


For advertisements. Circle the number of the page on which ad ap- 
pears. U, upper ad; M, middle ad; L, lower ad; I, inside ad; O, 
outside ad. If more than one item appears in an ad, indicate at 
the bottom of the card which item is of interest; otherwise the 
request cannot be processed. 


For New Products. Circle the department number given at the end 
of each paragraph in the New Products columns (pages 240-248). 


To subscribe, check the box for the appropriate number of years. 


Additional card on page 241 
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NEW YORK, N.Y. 


TTL CIRCLE 184, for additional information 


® Gas Excitation 
for photochemistry, 
free-radical production, 
and spectroscopy @X@ithas, 
with Raytheon’s concern 
completely packaged 
microwave power 
generator systems 


sseuppy If you have requirements for high-power breakdown of gas- 
sin eielessin ie a'e'e sis Salgeine se hupdwo5 eous molecules and excitation of electrodeless discharge 
lamps you will want to investigate the unusual advantages 

represented in this new Raytheon equipment. 


FIRST CLASS 


PERMIT NO. 


New York 


West 42 Street 


New York 36, 


— Postage will be paid by — 


SCIENCE MAGAZINE 


Room 740 
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FROM 


Eleet a 


OF ROCHESTER 


Elementary Student’ 
Model MIC 

$39.50 

$35.55 in lots of 5 


Student-Teaching - 
Model $-2 
$110.50 

$99.45 in lots of 5 


Medical Monocular 
Model EC 
$316.50 
$284.85 in lots of 5 


Medical Binocular 
Model ECBI 
~%a$472.50 
~ $425.25 in lots of S 


“QUALITY IS OUR WATCHWORD” 

. and our slogan is BUILT-IN to Elgeet-Olympus microscopes and =u 
. .. quality and craftsmanship you can SEE and FEEL. Write today for specifica- 
tions on models shown as well as on the complete Elgeet-Olympus QUALITY line. 


WRITE DEPT. APS 10 DAY FREE TRIAL IMMEDIATE DELIVERY 


Elgeet opricat. CO., INC. ... SCIENTIFIC INSTRUMENT AND APPARATUS DIVISION 


838 SMITH STREET e ROCHESTER 6, NEW YORK 
“Quality +s our watchword... Precision Cngincoing our constant goal ”” 








AGAIN THE LAND OF PROMISE 


Science has brought us to a unique vantage point from which we can foresee 
vast technological change. As the curve of scientific progress approaches 
the vertical, today’s pioneers who wish to contribute significantly in their 
chosen fields will do well to consider the unequalled challenge offered by 
association with one of the nation’s foremost scientific laboratories. Posi- 
tions are currently available in physics, electronics, mathematics, and in 
mechanical and aeronautical engineering, as well as in other technical 
disciplines.* 


The diverse locations of the Naval Laboratories .. . the varieties of climate 


and recreation ... assure your discovery of life as you want it. Address 
your inquiry to: 


G.3.MWAVAL 
LABORATORIES 


in California 
Personnel Coordinator, Dept. F 
The Pacific Missile Range and U. S. 


1030 East Green Street Naval Missile Center, Point Mugu: Na- 
Pasadena, California tional launching and instrumentation 
complex, guided missile test and evalu- 
ation, astronautics, satellite and space 

vehicle research and development. 


U. S. Naval Ordnance Test Station at 
China Lake and Pasadena: Developers 
of guided missiles, rockets, advanced ‘sy 
propulsion systems, torpedoes, and 
other undersea weapons. 


U. S. Naval Ordnance Laboratory at 
Corona: Developers of guidance and 
telemetry systems and other missile 
system components. Researchers in 
such fields as IR spectroscopy, mag- 
netism and semiconductors. 


e U.S. Naval Radiological Defense Labc- 
ratory at San Francisco: The nation’s 
only major center for research on nu- * 
clear effects and development of i fa 
counter measures. & - 


e U. S. Navy Electronics Laboratory at 
San Diego: One of the Navy's largest 
organizations engaged in the research 
and development of radar, sonar, radio 
and acoustics. 


*These positions are in the Career Civil Service. 
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ROTATING CYLINDER VISCOMETER 


SCIENTIFIC INSTRUMENTS MODEL RV-2 
now — for true intrinsic viscosity at extreme'y low shear rates... 


1 


Scientific Instruments Model RV-2 is a Couette vis- 
cometer so sensitive, it permits viscosity measure- 
ments to be made at virtually zero shear gradient. The 
extremely low shear rate capability (0.2 sec.-') of this 
precision instrument eliminates the obvious errors in- 
volved in zero gradient extrapolations from high shear 
rate measurements. 


USE IT FOR: molecular weight characterization by in- 
trinsic viscosity; kinetic analysis of enzyme systems; 
analysis of degree of polymerization, etc. 


FEATURES 
* Coaxial rotating cylinders provide even distribution of 
shear rate 


* Operates on principle of electrostatic restoring 
torque, eliminating torsion wire and 
mechanical spring problems 


* Simple, convenient sample changing 
* Rapid, easy selection of shear rates 


* Sample temperature automatically maintained 
within £0.05°C of desired value 


* Cylinder and float made of non-corrosive, 
non-contaminating material 


* Accuracy of viscosity measurement is maintained 
regardless of liquid density 


* Internal standard calibration of restoring voltage 


Shear Stress Range.............. 0.002 dyne/cm? to 1.6 dyne/cm? 
Shear Rate Range .......:..... 0.2 sec. -' to 50 sec. -' in 26 steps 
Viscosity Range .............. ‘Up to 800 centipoise at 0.2 sec. -' 
MIE bees aca Weh scicdeowecdaee £0.5% of sample viscosity 
Cylinder Temperature ......... Constant to within 0.05°C of desired 


temperature when located in a temperature-controlled (£2°C) room 


CONCENTRATION 0.0978 Gu/ DECKITER 
TEMPERATURE 






Viscosity vs. Shear Rate 

Analysis of viscosity vs shear 
rate for a water-soluble syn- 
thetic polymer demonstrates 
the effectiveness of this vis- 
cometer in measuring the true 
zero shear gradient viscosity. 
It can be seen that there was 
no necessity to extrapolate to 
zero shear rate because the 
instrument is capable of vis- 
cosity measurements on the 
plateau approaching this value. 


ret. atcarive weecomry 
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EXPERIMENTAL VISCOSITY VS SHEAR RATE 


now — PERFORM and RECORD all potentiometric titrations AUTOMATICALLY! 


SCIENTIFIC INSTRUMENTS MODEL AT-2A 


* Automatic recording pH stat 
for reaction rate studies 

* Titrates to any pre-set end point 

* Records first and second 
derivative curves 

* Records pH or EMF variation as 
function of titrant added 

FOR: —Acid-base_ reactions. 
Oxidation-reduction reactions. 
Precipitation reactions. 
Complex-ion reactions. 


A Division of Polarad Electronics Corporation 


43-20 34th Street, Long Island City 1, N.Y. 
©P.E.C. 
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Intrinsic Viscosity 
Determination For a 
Typical High Polymer 
Here reduced viscosity is extra- 
polated to zero concentration 
to obtain intrinsic viscosity. 
Values of reduced viscosity 
were obtained directly with- 
out extrapolation to zero shear 
gradient. The lower curve is 
typical of the error to be ex- 
pected when apparent viscos- 
ity is obtained at the high 
and non-uniform shear rate im- 
plicit in the capillary method. 


-¢- Gus orcuiter 


CONCENTRATION 
INTRINSIC VISCOSITY DETERMINATION 
FOR A TYPICAL HIGH POLYMER 





PiLNRALILH 


Here is one single precision instrument that 
both performs and records variable and con- 
stant pH titrations automatically—and with 
accuracy of £0.02 pH units or £1.2 millivolts. 


MAIL THIS COUPON FOR MORE INFORMATION... 


RS a er or aaa 


Name. Title. Dept 
Address. 
City. Zone. State. 


( N‘ NT 
; 3 : ; $-7 
43-20 34th Street, Long Island City 1, N.Y. 
Please send me specifications and data on: 
(0 Model RV-2 Rotating Cylinder Viscometer 


(0 Model AT-2A Automatic Recording Titrator 


My application is. 
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SARGENT 


ANALYTICAL OVE 


@ HEAT TRANSFER BY RADIATION AND CONDUCTION 


@ OVER FOUR SQUARE FEET OF WORKING AREA 


DIRECT READING, SINGLE TURN TEMPERATURE 
ADJUSTING DIAL 


OPERATING RANGE, 35° TO 200°C 


ALL INSIDE METAL AREAS AND AIR VOLUME 
COINCIDENT IN TEMPERATURE WITHIN + 2%°C 
WHETHER UNLOADED OR FULLY LOADED 


TEMPERATURE AT ANY POINT CONSTANT WITHIN 
+%°C WHETHER UNLOADED OR FULLY LOADED 


$-64080 OVEN—Analytical, Radiation-Conduction Type, Double Wall, 
200°C, Sargent. A new laboratory analytical oven designed 
to emphasize conduction and radiation as modes of heat 
transfer and to minimize the contribution of convection, 
thereby achieving an unprecedented uniformity of tempera- 
ture throughout the entire cubic space of the isolated 
aluminum interior chamber. 

The inner chamber is obstruction free. Three removable 
flat aluminum shelves and a flat bottom area provide over 
four square feet of useable space for moisture samples. 

Heat is applied at a very low gradient and over a wide 
area from a nickel-chromium ribbon element in woven glass 
sleeving. 24 inches of fiber glass insulation results in low 
wattage requirement and permits temperature to be regu- 
lated by a special Sargent heavy duty, bimetal regulator. 

Temperature is adjusted by simple rotation of a single 
turn disk on the lower panel. A dial type thermometer is 
mounted on the door. 

Constructed of heavy gauge, welded steel, finished in 
baked enamel. Inlet and outlet vents are provided. The 
oven door automatically opens if pressure builds up inside. 

Range, 35° to 200°C; inside width, 14 inches; inside 
height, 13 inches; inside depth, 12 inches; outside width, 
19 inches; outside height, 224%4 inches; outside depth, 16 
inches; net weight, 60 lbs. Complete with three shelves and 
thermometer. For operation from 115 volt, 50 or 60 cycle 
A.C. circuits 





SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS © SUPPLIES © CHEMICALS 


€.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 30, ELLINOIS 


OETROIT 4, MICHIGAN « DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. ¢ SPRINGFIELD, N.J 
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SCIENCE. 


Is There Underinvestment in Education? 


Belief is widespread that we are not spending enough money on college 
education in terms of our needs for economic growth, but little systematic 
research has been done on education as a form of investment. As part of a 
study for the National Bureau of Economic Research, Gary S. Becker, of 
Columbia University, has now compared the financial return from a college 
education with the return from other kinds of investments. The full report 
is still to be published, but to judge from a preliminary account that 
appeared in the May issue of the American Economic Review, the results 
will challenge one of our more treasured beliefs. So far as the return to 
the person getting the education is concerned, Becker finds no evidence 
for underinvestment. The average return to college graduates is about the 
same as the average return to business capital. 

Although the preliminary account gives few details of the computation, 
there is some discussion of the operations performed. The return from a 
college education is calculated on the basis of total college costs, not just 
costs to the student and his family. The income of college graduates, as 
measured against the income of persons whose education ended at a lower 
level, is adjusted for such factors as differences in ability. And the study 
is limited to men, although Becker does suggest that even for those women 
who expect to do little work outside the home there may be sound economic 
reasons for going to college. Women who go to college probably secure 
husbands with higher incomes than women who do not. 

Economists distinguish between direct and external returns, and in the 
analysis of education this distinction corresponds to that between the effect 
of a college education on the incomes of persons getting the education 
and the effect on the incomes of others. The study is concerned only with 
direct returns, but those arguing that too little is being spent on education 
can note, for example, that developments in atomic physics are necessary 
for atomic power and that most atomic physicists are college graduates. To 
this argument Becker replies that it is easier to give examples of the con- 
tribution of science and technology to economic growth than it. is to 
assess the contribution quantitatively or to compare it to the external re- 
turns from business capital. In fact, he intimates that, generally speaking, 
economists know very little about external returns. Consequently, since 
direct returns indicate no great underinvestment, if the existence of under- 
investment is to be argued, the argument must lie in the little explored 
area of external returns. 

The American economy, not to mention American military technology, 
of course, needs scientists and engineers. To this particular point Becker 
replies that the special demand for technical experts can be met with a 
comparatively small increase in the total expenditures on college educa- 
tion. Investment in scientific training is important, but by itself such 
training is not so very expensive. 

To be sure, college attendance offers other rewards besides economic 
gain; it offers personal enlightenment and preparation for effective citizen- 
ship. But restriction of the study to economic considerations no more 
reflects on these other objectives than it lessens the value of the study as 
it bears on strictly economic arguments. One comment that has been 
directed against the study from the economic side is that even if the 
return to college graduates is the same as the return to business capital, 
this finding does not necessarily imply that there is no underinvestment 
in education. The finding might just as well imply that college graduates 
are underpaid or, to strike an anti-inflationary note, that everyone else is 
overpaid.—J.T. 
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A NEW 
APPROACH 


he MEASUREMENT 
OF RADIOACTIVITY 
IN GAS 


CHROMATOGRAPHY 





To The Packard Model 830 Tri-Carb® Gas Fraction Collector 
enables quantitative collection of individual organic com- 
ponents in a gas chromatographic effluent stream. Precise 
measurement of radioactivity in component peaks can be 
made after collection. 

An 8” diameter turntable holds up to 50 Tri-Carb Car- 
tridges, each packed with silicone-coated scintillation crys- 
tals. Vapors leaving the gas chromatography mass detector 
LINOLEATE pass through the heated gas injection nozzle of the collector 
and condense on the coated surfaces of. the scintillation 
crystals. As the operator observes the beginning and com- 







ty LINOLENATE 


» 6 © ©) 





OLEATE pletion of each peak on the mass detector trace, he actuates 
a control switch to change cartridges. Changing takes only 
STEARATE J a fraction of a second. 





After sample collection, the cartridges are placed in posi- 
tioning adapters in an Automatic Tri-Carb Liquid Scintil- 
lation Spectrometer for completely automatic counting. No 
sample preparation is necessary and up to 100 samples can 
PALMITATE be handled at one time. 

Counting efficiency for carbon-14 in Tri-Carb Cartridges 
is over 50%. Backgrounds for these cartridges in the Tri- 
Carb Spectrometer are extremely low—less than 5 cpm. 
Consequently, even peaks with very low activity can be 

Cowlte accurately measured in short counting periods. 
The Packard Model 830 Tri-Carb Collector is suitable 
Typical gas chromatogram trace showing mass peaks of fatty for use with ee chromatograph —- nondestructive 
acid methyl esters. Superimposed on the mass trace, the bar mass detection system. 
graph indicates no radioactivity in any of the unsaturates. For literature, prices, and further information write: 











= MYRISTATE 








[Pjackard) Instrument Company, Inc. 


P.0.BOX 428-A, LAGRANGE, ILLINOIS 
ATLANTA e BOSTON © LOS ANGELES © NEW YORK ¢ PHILADELPHIA 
SAN FRANCISCO © WASHINGTON, D.C. * ZURICH, SWITZERLAND 
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CURRENT PROBLEMS IN RESEARCH 





Biophysics of Bird Flight 


The very low drag of nature’s aircraft, birds, sets 
a goal for man in his striving for efficient aircraft. 


There is no doubt that modern 
mechanical flight owes its inspiration to 
observations of birds in flight by early 
philosophers and scientists as well as by 
interested laymen. The earliest living 
“flying machine” is dated about 150 
million years ago. This was the ptero- 
dactyl of geologic times. In contrast, 
man-made flying machines are only 57 
years old. You can see from this con- 
trast of eras that we may look for new 
knowledge of flight from a study of 
this age-old concept of bird flight. 

In Greek mythology, the story of 
Daedalus and Icarus is well known. 
Daedalus designed and built, supposed- 
ly, two flying machines, covered with 
feathers, using a structure of wax to 
support them. This was really a myth- 
ical imitation of bird flight. There was 
no application of real knowledge of 
the mechanism of bird flight, merely an 
imitation, in form, but not in function. 
But, of course, not having this knowl- 
edge, we, even today, cannot duplicate 
bird flight in the sense of straight imita- 
tion on a scale such that a man can 
fly as a bird does, by his own muscle 
power. 

The first known flying machine con- 
structed on bird-flight concepts was da 
Vinci’s well-known invention. About 
1505, da Vinci test-flew this machine, 
using a test pilot, as is common prac- 
tice today. The results are indicated in 
da Vinci’s notebooks by the fact that 





The author, at the time of his death on 27 
April, was head of the aerophysics department of 
the Engineering and Industrial Research Station, 
Mississippi State University, State College. 
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after this test flight there was no more 
mention of flying. There is rumor that 
the test pilot broke his leg. The test 
pilot, in this case, was one of da Vinci’s 
household servants (Fig. 1). 

It was Lilienthal (7) who also imi- 
tated bird flight, even to the point of 
using such small stabilizing tail sur- 
faces that his machine was only mar- 
ginally stable. But we must remember 
that it was also Lilienthal who, by this 
bird imitation, proved Newton, Kirch- 
hoff, and Helmholtz to be wrong in 
their concept that lift is generated by a 
downward deflection of the air, simply 
as a reflection phenomena, and in dis- 
regarding entirely the suction on the 
upper surface. For his failure to under- 
stand that birds possess automatic 
stability due to instinctive reflexes, in 
addition to that inherent in their geom- 
etry, Lilienthal paid with his life. 

The realm of bird flight can be clear- 
ly divided into two aspects: that cn mo- 
tionless wings, which is soaring, and 
that on flapping wings, which is really 
the working part of flight. The latter is 
used in take-off and in climbing to alti- 
tude, even by soaring birds. It is used 
as a principal mode of flight by the 
nonsoaring birds. The soaring phase of 
flight, or the flight on motionless wings, 
was divided by Lord Rayleigh in 1883 
(2) into three separate categories: (i) 
Flight in which the path is not horizon- 
tal—in other words, gliding; (ii) flight 
in an air mass which has a vertical com- 
ponent—that is, static soaring; and (iii) 
flight in an air mass which is not uni- 
form in velocity. The latter is, in the 
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strict sense, dynamic soaring. Evidently, 
a good understanding of the first phase, 
the motionless wing phase, would con- 
tribute much to an understanding of 
the biophysics of bird flight. The sec- 
ond kind of flight, much more compli- 
cated (flapping flight), has been theo- 
Tetically studied, but very little experi- 
mental work has been done to support 
the various theories. It is the purpose 
of this article to take up in detail the 
aerodynamics of a bird’s wing—in par- 
ticular, that of motionless wing flight. 


Wind-Tunnel Experiments 


When we consider the various tools 
available to us for studying flight in 
general, we are apt to resort to the one 
which has been so useful in helping 
man to fly—namely, the wind tunnel. 
It was a wind tunnel which helped the 
Wright brothers to arrive at proper air- 
foil sections, and the wind tunnel is still 
used today for subsonic, transonic, 
supersonic, and hypersonic flow studies. 
It will be interesting, therefore, to look 
at some results from wind-tunnel work 
on the measurements of bird aerody- 
namics and compare these results with 
some data obtained in flight. From this, 
we can determine the validity of the 
wind tunnel in bird-flight work. In Fig. 
2 is shown a velocity polar of a laugh- 
ing gull, computed from data measured 
in the wind tunnel and data measured 
in flight. The velocity polar is clearly 
seen to consist merely of a plot of sink- 
ing speed, which is really a measure of 
the energy loss in flight, versus the 
forward velocity of flight. Actually, this 
is not a polar, but the terminology is 
that which is used in aviation. It should 
be mentioned that the laughing gull 
measured in the wind tunnel (3) was 
not actually a feathered bird, but rather 
a clay model sculptured by an artist. 
The tunnel, however, possessed a rather 
low turbulence and provided an en- 
vironment quite representative of that 
which one might find in the atmos- 
phere. On comparing the sinking speed 
obtained from the wind-tunnel meas- 
urements, one sees that the sinking 
speed of the clay model is a little more 
than double that of the actual bird 
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Fig. 1. Artist’s conception of Leonardo da Vinci’s flying machine in flight. Note that 
da Vinci, knowing human anatomy as he did, at least tried to harness the powerful 
thigh muscles, whereas many other experimenters used only the arm muscles. [From a 
painting by Robert Riggs, courtesy of International Business Machines Corp.] 


measured in flight at the speed of 30 
miles per hour. The flight measurement 
consisted of a very simple comparison 
of the flight of the gull, while soaring 
on a ridge on Long Island, relative to 
that of a sailplane. The pilot in the sail- 
plane was able to adjust his speed to 
follow the bird exactly, and at this par- 
ticular forward speed, the bird and the 
sailplane flew back and forth on a ridge 
for about 2 hours, neither outclimbing 
the other, 

This is proof that their sinking speeds 
at this forward speed were identical. It 
is just this concept of comparison fly- 
ing which I will discuss in connection 
with some measurements of the black 
buzzard. The technique was developed 
to a higher state and used to get the 
complete measurement of the drag of 
a bird over the speed range of its flight 
in the gliding phase. 

However, in order to determine the 
nature of the aerodynamics of birds in 
terms of the known parameters used in 
aeronautics, we must refer the drag to 
a nondimensional drag coefficient Co: 


D 


Co'= 
Yapv’S 





where D is the drag in force units, 
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p is the air density, V is the velocity of 
flight, and S is the wing area, including 
that intercepted by the body. 
In a similar matter we define the lift 
coefficient Ct, 
L 


YpV"S 





where L is the lift in force units. If, 
now, the velocity polar of Fig. 2 is 
transformed into a curve of C:” versus 
Cp, we obtain Fig. 3. The reason for 
plotting against the square of the lift 
coefficient is quite evident when one 
sees that the induced drag coefficient— 
that is, the drag due to lift—is a func- 
tion of the square of the lift coefficient: 
Cr? 


Co; == | Huntin, 
AR. 


where AR. is the effective aspect ratio: 


b° 


b being the span and e the span effi- 
ciency factor. 

What one sees from the linearized 
drag polar of Fig. 3, is that the flight- 
measured point lies on an extension of 
the linear portion of the wind-tunnel 
measurements. This indicates that the 


wind-tunnel results must be in error 
below a lift coefficient equal to 0.8. 

Obviously, the clay model was not 
representative of a feathered bird in 
flight. In fact, it is doubtful that even a 
feathered model could accurately du- 
plicate the aerodynamic properties as- 
cribable to the elasticity and mobility 
of the feathers on a live bird. 

However, one can admire the finesse 
with which nature has designed her 
flying machines in observing the neat 
intersection of wing and body in Fig. 4, 
which shows a drawing of the laughing 
gull, taken from Feldmann’s paper. In 
this drawing, the very pointed tips of 
the soaring birds of the sea are con- 
spicuous. In Fig. 5 the distinctly differ- 
ent tips of soaring land birds are shown. 
The question then arises, “What is the 
function of this pointed tip as con- 
trasted with the slotted wing tip of 
soaring land birds?” 

It has been suggested that since soar- 
ing land birds must land and take off 
from trees, a large span would be a 
handicap. Therefore, the slotted wing 
tip serves to diffuse the vortex flow at 
the tip, permitting the soaring land bird 
to attain good performance in spite of 
limited aspect ratio. The sea bird on 
the other hand is not limited by its en- 
vironment with respect to aspect ratio. 

However, an analytic investigation 
by Newman (4) disputes the premise 
that the slotted tip can reduce the in- 
duced drag over that of a solid tip. 
We are then left without a logical ex- 
planation. for the slotted tip of soaring 
land birds. Wind-tunnel tests with 
smoke streams and a live bird trained 
to fly in a tunnel could add to our 
knowledge of this important distinction 
between soaring land birds and soaring 
sea birds. 

In order to duplicate this compli- 
cated model, the live bird, one might 
freeze a bird and then test it in a wind 
tunnel. This was done at ihe Washing- 
ton Naval Shipyard wind tunnel some 
years ago, but again we have the criti- 
cism that a change occurs in the elas 
ticity of the support of the feathers, as 
well as in the feathers themselves, in 
the process of freezing the bird. An- 
other criticism of the frozen-bird tech- 
nique lies in the fact that the bird uses 
its wing muscles even in gliding flight 
as a means of control. This is necessary, 
since the bird possesses little or no in- 
herent aerodynamic stability except pos- 
sibly along the body axis in roll. In 
yaw and, to a lesser extent, in pitch, 
the bird with fixed geometry appears to 
have neutral or negative stability. In 
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other words, the flight of a bird is sta- 
bilized by minute involuntary control 
deflections. This is similar to the process 
of walking in man, in his erect posture. 

Another feature of the bird’s aerody- 
namics is the porosity of the feathers. 
Whether this feature plays an important 
role in the aerodynamics of the bird or 
not has not yet been established. Victor 
Loughheed is reported to have meas- 
ured the porosity of the bird’s feathers, 
finding the porosity ten times greater in 
the downward direction than in the di- 
rection up through the wing feathers. 

In some birds, in addition to the 
usual features of the feathers—flexibil- 
ity, mobility, and porosity—there is 
also a toothed leading edge. This is true 
particularly in owls, which must fly 
silently and stealthily upon their prey 
in the field. Graham (5) believes that 
this toothed leading edge reduces the 
velocity of the flow over the wing. This 
may be so, but if there is too much 
loss of velocity in the flow near the 
leading edge, a wing with a toothed 
leading edge will not develop as high a 
lift as one without this edge. This 
means that the bird with a toothed lead- 
ing edge to its wing would have to fly 
faster than one with a smooth-edged 
wing. Thus, the noise would not be es- 
sentially reduced. Yet the owl does fly 
silently. 

Perhaps we might speculate on the 
function of the toothed leading edge by 
drawing on an analogy. If a piece of 
wire of cylindrical form about 3 milli- 
meters in diameter and 1 meter long is 
swung through the air in a rotating mo- 
tion similar to that of a propeller, a 
distinct tone similar to that of a sing- 
ing telephone wire is emitted. Now, if 
instead of a single cylindrical wire, two 
wires of 1.5-millimeter diameter are 
twisted together in a tight spiral and 
then spun, the noise level is much low- 
er in intensity and in frequency. In 
fact, only the free end emits a noise. 

From this experiment we might say 
that the toothed leading edge behaves 
in the same way that the twisted wire 
does—that is, in a manner to reduce 
the vortex noise emitted by the flow 
leaving the wing. However, remember 
that this is merely a hypothesis and not 
absolute proof of the function of the 
toothed leading edge of the wings of 
owls. 

Since the bird possesses little or no 
inherent stability in pitch, the question 
of the function of the tail arises. In 
general, the tail is used as a landing 
aid similar to the flap on an airplane. 
Photographs show clearly that the tail 


22 JULY 1960 


SINKING SPEED AT SEA LEVEL IN FT. PER SEC. 





o 





~ 
oO 





~~ 
8S 





~ 
Nh 


















































AIRSPEED AT SEA LEVEL 


10 
WINDTUNNEL MEASUREMENT. / 
‘J 
(REF 3) 
6 7 vie 
: 
2 k- a a 
nr IN e IGHT 
(4) 
oO 10 20 30 40 


50 
IN MILES PER HOUR 


Fig. 2. Velocity polar of a laughing gull. 


of most birds fans out to increase the 
lifting area just before touchdown and 
is folded during gliding flight. 

At the same time, during the landing, 
it will be seen that the alula or false 
feather, representing the thumb of our 
hand, opens in order to increase the 
lifting power of the wing. This same 
alula is used as a lateral control for 
initiating rapid turns. 

The reader may wish to try a simple 
experiment which illustrates the func- 
tion of the alula. If, while driving at 


about 50 miles per hour, one puts his 
hand out of a car window with the 
hand cupped slightly and at a positive 
angle to the wind, he can, by simply 
moving his thumb up or down, cause 
a large change in the lifting force his 
arm experiences. This is how the bird 
applies control in roll about his longi- 
tudinal body axis. 

Having seen, in Fig. 2, that wind- 
tunnel tests of bird flight are fraught 
with possible large errors, we are forced 
to look for new means of determining 
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Fig. 3. Linearized drag polar of a laughing gull. 
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Fig. 4 (left). Three views of a laughing gull. Fig. 5 (right). Three views of the black buzzard. 


the aerodynamic properties of bird 
flight. 
From about 1890 to 1900, S. P. 


Langley, then director of the Smith- 
sonian Institution, attempted to deter- 
mine the flight characteristics of buz- 
zards in the neighborhood of Washing- 
ton, D.C., by photographing the birds 
with two telephoto cameras, arranged 
stereoscopically. Such a _ technique 
would certainly have determined the 
geometry of the bird while the bird 
was airborne, but it would not have de- 
termined the energy losses, unless a 
time-lapse method had been used, to- 
gether with triangulation by double 
theodolite methods. 

In view of the difficulty of studying 
the flight of wild birds from the ground, 
George Carter and I, in 1945, started 
an experiment in which a young wild 
buzzard was to be trained to carry a 
small recording barograph and anemo- 
graph attached to its belly. The bird 
was trained successfully to do its job 
and to carry a mock-up of the record- 
ing instrument, which was to weigh 30 
grams and have dimensions of 2 by 3 
by 5 centimeters. However, before the 
actual measurements could be made, 
the bird died of an intestinal stoppage. 
Our success in training this bird was 
due to the skill and understanding of 
George Carter. 

Had this experiment been successful, 
it would have yielded the sinking speed 
as a function of air speed—that is, the 
speed polar, similar to that in Fig. 2. 
But for a soaring land bird we would 
need to observe the mode in which the 
bird is flying in order to delineate the 
function of the variable geometry of the 
slotted wing tip. 
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Furthermore, the success achieved in 
training this one bird by Carter clearly 
supports his contention that it would 
be possible to train live birds to fly in 
a wind tunnel, whose axis could be in- 
clined to the horizon. Thus, one could 
force the bird to fly at different gliding 
angles and at different air speeds, simply 
by inclining the tunnel and varying the 
air speed so that the bird would remain 
motionless in the throat of the tunnel. 
With this method, one could delineate 
the function of the slotted wing tip as 
well as derive drag polars for various 
changes in geometry which the bird 
would be compelled to make in order 
to stay in the tunnel. 


 Comparison-Flight Studies 


Since the technique of using trained 
birds was so dependent on the training 
of the birds and so time-consuming, the 
comparison method of flying with birds 
in a sailplane was developed in 1949 
(6) as a refinement of the simple one- 
point comparison test made on the 
laughing gull, as represented in Fig. 2. 

In the comparison method for de- 
termining the speed polar and conse- 
quently the drag polar of a bird in free 
and natural flight, a sailplane of low 
sinking speed and low forward speed 
capability is needed. In addition, the 
sailplane must be highly maneuverable, 
since the pilot must follow birds that 
can turn with extreme rapidity. 

Figure 6 shows a sailplane rigged for 
bird-flight research. A small radio trans- 
mitter and receiver are carried, for 
transmitting data to a data recorder on 
the ground. The telephoto camera on 


the nose of the sailplane is used to re- 
cord the geometry of the bird. How- 
ever, the results obtained with this cam- 
era were not helpful, because it was not 
possible to determine the orientation of 
the tip feathers from the nonstereo- 
scopic photographs. 

In making these measurements, the 
sailplane was launched either by a 
ground tow behind an automobile on a 
long runway or by an airplane tow. 
When the sailplane reached an altitude 
where upcurrents were strong enough 
to support it, the pilot would release 
and soar in a good upcurrent. Ground 
observers would scan the skies for buz- 
zards, and when one was found, would 
direct the pilot to the buzzard by radio. 
When the pilot located the bird he 
would descend to the altitude of the 
bird and then follow it, staying no more 
than 5 to 10 meters behind it. At 30- 
second intervals, the pilot would report 
the air speed at which he and the bird 
were flying and the altitude of the bird 
above the horizon, measured in wing 
spans. 

Subsequently plots of the altitude of 
the bird against time yielded, from the 
slope of this plot, the difference in 
sinking speed between the bird and the 
sailplane. Then, by measuring carefully 
the sinking speed of the sailplane in the 
still air of the morning at various ait 
speeds, one can obtain the speed polar 
of the sailplane. Adding to this polar 
the differences in sinking speed between 
the bird and the sailplane, we arrive at 
the speed polar of the bird (Fig. 7). 

In this illustration, the two modes of 
gliding flight yield two different speed 
polars for the bird. In the soaring mode 
the bird flies with open tip slots, while 


SCIENCE, VOL. 132 





in th 
long 
with 
mode 
swee] 
mode 
swee] 
black 
soari 
Re 
a spt 
speec 
the t 
when 
speec 
with 
mete’ 
it cal 
ing t 
creas 
ratio 
bird 
tude. 
is ca] 
from 
glide 
sible 
of 1: 
open. 
Ar 
can | 
of Fi 
minil 
to m 
prodi 
of 0 
weigl 
of lo 
be c 
the 
flight 
main 
er. F 
gram 
of 1 
rougl 
cles | 
hors¢ 
Th 
horsé 
cles 
bird’: 
do n 
the b 
clude 
tain 
eithe 
nami 
tract 
wind 
In 
tione 
mini: 
glidir 
ment 
22 JU 





eee 


Ow- 
am- 
not 
1 of 


the 
y a 
na 
tow. 
tude 
ugh 
ease 
yund 
buz- 
ould 
dio. 
he 
the 
nore 
30- 
port 
bird 
bird 
wing 


le of 
. the 
e in 
1 the 
fully 
1 the 
Saif 
polar 
polar 
ween 
ve at 


es of 
speed 
node 
while 


L. 132 








in the gliding mode it flies usually on a 
long descent at relatively high speeds, 
with tip slots closed. Also, in the latter 
mode the bird introduces an M-shaped 
sweepback, whereas in the soaring 
mode there is a pronounced forward 
sweep of the wing. Figure 5 shows the 
black buzzard (Coragyps atratus) in its 
soaring mode. 

Returning to Fig. 7, we see that at 
a speed of 17 meters per second the 
speed polars cross. Above this speed 
the bird chooses the gliding phase, for 
when the bird is gliding its sinking 
speed is considerably lower than it is 
with the tip feathers opened. Below 17 
meters per second the bird finds that 
it can reduce its sinking speed by open- 
ing the tip slots, and can thereby in- 
crease its glide ratio (L/D). The glide- 
ratio curves represent the distance the 
bird can fly for each unit loss of alti- 
tude. In other words, the black buzzard 
is capable of gliding 23 miles in still air 
from an altitude of 1 mile at its best 
glide ratio. This remarkable feat is pos- 
sible at a relatively slow forward speed 
of 15 meters per second with tip slots 
open. 

An interesting biophysical constant 
can be derived from the velocity polar 
of Fig. 7. If we wish to determine the 
minimum power required for the bird 
to maintain level flight, we take the 
product of the minimum sinking speed 
of 0.62 meters per second and the 
weight of the bird. This yields the rate 
of loss of potential energy which must 
be compensated by muscle power for 
the black buzzard in level flapping 
flight. The minimum power required to 
maintain level flight is 0.019 horsepow- 
er. For this bird, which weighs 2.3 kilo- 
grams, this results in a power loading 
of 122 kilograms per horsepower. A 
rough value for the capability of mus- 
cles to put out continuous power is 1 
horsepower for 50 kilograms of muscle. 

The value of 122 kilograms per 
horsepower then implies that flight mus- 
cles must constitute 42 percent of the 
bird’s weight. If, then, flapping muscles 
do not constitute at least 42 percent of 
the black buzzard’s weight, we can con- 
clude that this buzzard could not main- 
tain continuous level flight without help 
either from upcurrents or from dy- 
namic soaring, in which energy is ex- 
tracted from the fluctuations in the 
wind. 

In order to compare the afore-men- 
tioned free-flight method for deter- 
mining the aerodynamics of a bird in 
gliding flight with wind-tunnel measure- 
ments, the data of Fig. 7 have been 
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transformed into a linearized drag polar 
(Fig. 8). In this illustration are shown 
the drag polars of the black buzzard 


_In the two modes of gliding flight and 


wind-tunnel data for the laughing gull, 
the cheel (pariah kite), and the Alsatian 
swift. The same conclusion that was 
drawn from the single laughing gull 
measurement is borne out by the com- 
plete polars of the black buzzard— 
namely, wind-tunnel measurements of 
models of birds cannot yield valid in- 
formation concerning the aerodynamic 
properties of birds in natural flight. For 
this reason, progress in understanding 
the more difficult phases of flapping 
flight will only be possible when theory 
can be supported by flight measure- 
ments made under natural conditions. 
In general, the measurements made in 
wind tunnels tend to ascribe to the bird 
much higher energy losses than it ac- 
tually experiences. For this reason, any 
biophysical conclusions would lead to 
absurdities if they are based on wind- 
tunnel measurements made on model 
or stuffed birds. 

However, the comparison-flight meth- 
od is subject to some criticism at the 
present state of the art. Since the meas- 


Fig. 6. Sailplane for research on bird flight. 


urements with wild birds had to be 
made in the middle of the day when 
birds were soaring—that is, in a turbu- 
lent environment—one cannot absolute- 
ly say that the black buzzard possessed 
the very low drag coefficient which was 
measured. We say that either it pos- 
sesses this low drag coefficient or else 
it must be utilizing a source of energy 
which the sailplane was not. The only 
possible means of extracting such energy 
from the environment lies in dynamic 
soaring. However, we do have rather 
positive evidence that the lowest meas- 
ured drag values are valid for the high 
speed points on the speed polars of 
Fig. 7, since they were obtained near 
sunset when the air was quite smooth, 
during a glide to roost of a black buz- 
zard. 

Nevertheless, there cannot but be 
some doubt about the validity of data 
taken in turbulent air. For this reason, 
making a measurement during the early 
hours of the morning when the air is 
very still suggests itself. For this test, 
several wild captured buzzards would 
be carried aloft in a two-seater sail- 


plane. On tow, behind the same tow- 
plane, would be the measuring 


sail- 





195 








plane, of light, maneuverable design, 
fitted with radio communication equip- 
ment. After the two sailplanes reach 
an altitude of 1500 meters, they will be 
released from the towplane, which will 
descend to the airport. The bird-carry- 
ing two-seater will move ahead of the 
measuring sail plane, headed toward 
the airport where the birds have been 
cooped. On a signal from the measuring 
sailplane, the bird handler will release 
a bird from the two-seater by dropping 
it out in an open-ended bag, to which 
is attached a line. At the end of the 
line, the bird will fall out of the bag, 
head first, and will start gliding toward 
its coop. Whether every bird will co- 
operate in this manner is yet to be de- 
termined. However, if the birds merely 
glide in any direction, useful data can 
be obtained, for the measuring sailplane 
is capable of landing in any small field 
and can be disassembled for return to 
its base by trailer (6a). 

During the glide of the bird, the 
measuring sailplane will record data in 
the manner ascribed for the compari- 
son-flight method. 

The precision of this method should 
be much greater, for, in this case, both 
the bird and the sailplane will be flying 
in smooth air, that in which the sail- 
plane has been calibrated. 

The results of these measurements in 
still air should either confirm the meas- 
urements given in Fig. 7 or perhaps, 
under certain flight conditions, espe- 
cially at the lower speeds with the bird’s 
slotted wing-tips open, reveal a dispar- 
ity. If the difference is significant and if 
the sinking speed measurements made 
in turbulent air are lower than those 
made in still air, then we must look to 
the mechanism of dynamic soaring for 
an explanation. As a matter of fact, the 
investigation of the nature of this en- 
ergy extraction will yield valuable in- 
formation on the little-known science 
of dynamic soaring, of which some 
aspects are discussed below. 


Bird and Airplane 


Up to now, all of our comparisons 
of bird aerodynamics have been “within 
the family.” The question naturally 
arises, “How good is the bird compared 
with modern aircraft?” Obviously, try- 
ing to compare a bird cruising at 30 to 
60 miles per hour with a supersonic 
airplane would be absurd. Even if we 
compare the bird with some of our 
subsonic airplanes, we still have the 
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problem of scale and speed differences. 
Fortunately, we can rely on the well- 
known Reynolds number as a means 
for eliminating the objection that we 
are comparing vehicles in different do- 
mains of the viscous-flow regime. 

In Fig. 9, the drag polar of the black 
buzzard in its two modes, gliding and 
soaring, has been transformed into a 
plot of average skin-friction drag co- 
efficient versus Reynolds number. On 
the same plot are shown the Blasius 
curve for pure laminar flow over a 
flat plate and the von Karman curve 
for turbulent flow over a flat plate. 
These two curves provide us a standard 


over the rather large scale and speed 
domain covered, from birds to large 
airplanes. 

It should be mentioned that the data 
for the airplane shown were also ob- 
tained in gliding flight, with propellers 
feathered after the plane had climbed 
to altitude on its engines. When we look 
at Fig. 9 we find that the black buz- 
zard’s skin friction coefficient is only 
30 percent higher than that of the 
laminar plate, whereas our best man- 
made flying machine, a sailplane, pos- 
sesses a skin friction coefficient 330 
percent higher than the laminar flat 
plate flow. And our best-measured air- 
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plane has the poorest showing, having 
29 times greater skin friction than the 
laminar flat plate. 


From this curve we can conclude 


that the many generations of selective 
breeding have resulted in a flying ma- 
chine, the bird, which still gives man 
a goal toward which to strive. 

Furthermore, the fact that the high- 
speed end of the curve of skin friction 
for the bird came from data points 
taken in calm air gives some validity 
to a speculation that the bird must, 
through the porosity of its feathers, ex- 
ercise some type of boundary layer con- 
trol—that is, that there must be some 
automatic fluid mechanical process in 
the bird’s make-up by which a good 
portion of the flow over the bird’s sur- 
face is kept laminar. The difference in 
porosity measured by Victor Lough- 
heed may be the key to this process. 

In fact, on the basis of this specula- 
tion, I was inspired to attempt to dupli- 
cate the boundary layer control which 
I suspected the birds were achieving. 
By making many small holes in a sec- 
tion of a sailplane wing and sucking the 
boundary layer air into the wing with 
a fan, I was able to measure drag re- 
ductions of the order of 50 percent 
when even the power required for the 
suction fan was considered to be a loss 
(7). Later on, it was also discovered on 
this sailplane that this same suction 
could increase the lifting power of the 
wing. We may thus further speculate 
that the bird may be utilizing boundary 
layer control, both for high lift and for 
low drag. 

Recently, a very fascinating discov- 
ery was reported by Kramer (8)—that 
there exists an automatic boundary lay- 
er control in the skin of the porpoise. 
Examination of the skin of the porpoise 
disclosed that the porpoise is complete- 
ly covered with a hydraulic skin 1/16 
inch thick that is elastic and ducted. 
Kramer was able to duplicate this nat- 
ural boundary layer control device by 
selecting a rubber skin of suitable stiff- 
ness and by introducing a damping 
fluid behind the skin. The stiffness was 
controlled by small rubber stubs. Be- 
tween the stubs was the damping fluid. 

But it is conceivable that nature has 
solved this problem for birds in a man- 
ner that is not analogous to the solution 
for the porpoise. 

The problem of trimming an aircraft 
for various speeds is particularly vexing 
on flying-wing aircraft. Since all birds 
are essentially flying-wing aircraft, it is 
possible that we can learn a trick or two 
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Fig. 9. Skin friction curves plotted against mean Reynolds number for the black 
buzzard, a high-performance sailplane, and a high-performance twin-engined airplane. 


from the way birds apply trimming mo- 
ments for various flight conditions. We 
know that the bird’s wing is in general 
fairly highly cambered. Therefore, we 
can expect large pitching moments. In 
order to achieve stable flight, these 
pitching moments must be balanced by 
aerodynamic moments developed by the 
tail of a conventional airplane or by 
twisting and deflected elevators at the 
wing tips on a swept flying wing. 

Let us look at a comparison of a 
flying-wing sailplane and the black buz- 
zard (Fig. 10). Instead of plotting C:° 
versus Cp, as we did before for the lin- 


earized polar, we have plotted C:*/AR 
versus Cp, which is in actuality a plot 
of the theoretical induced-drag coeffi- 
cient versus total-drag coefficient Co. 
The purpose in doing this was to be 
able to derive some information on the 
induced drag from aircraft of widely 
different aspect ratios—namely, 5.7 for 
the bird and 21.8 for the sailplane. 

It is immediately apparent that the 
slope of the curve for the buzzard is 
much steeper than that for the sail- 
plane. This means that if the two had 
the same aspect ratio, the bird would 
outperform the sailplane, especially at 
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the high lift coefficients used in soaring. 
In studying the reason for the high in- 
duced drag of the Horten IV flying- 
wing sailplane, we found that the ele- 
vators at the trailing edge of the wing 
caused a severe induced drag, due to 
the change in the spanwise lift distribu- 
tion necessary for trimming the sail- 
plane at high angles of attack. 

The question is, then, “How does the 
bird accomplish this trimming without 
suffering the resultant induced drag 
rise?” Figure 11, taken from Hankin 
(9), shows the plan form of a buzzard 
(Otogyps calvus) in various flight 
modes. At low speeds, the wings are 
swept forward. In other words, the cen- 
ter of pressure of the wing is moved 
forward of the center of gravity of the 
bird. As a result, an upward pitching 
moment is developed which counter- 
balances the nose down-pitching mo- 
ment of the highly cambered wing. 

Whether the trimming by means of 
forward and backward sweep results in 
a stable configuration in pitch cannot 
be determined without a knowledge of 
the camber and the angle of attack dis- 
tribution of the bird’s wing. However, 
the bird is capable of correcting for in- 
stability by means of intuitive sensing 
and associated reflexes. 

The process of trimming to different 
speeds is clearly seen from Fig. 11. At 
very high speeds, the tips are swept 
back by bending the elbow of the wing. 
This tends to move the center of pres- 
sure of the wing farther back, a nose 
down-pitching moment and trimming 
for higher speeds thus being achieved. 

The foregoing explanation of the 
control of a bird in pitch is admittedly 
sketchy. It would, however, be entirely 
possible to carry out experiments on 
the control and stability of a bird which 
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had been trained to fly in a tunnel that 
could be inclined. with the horizon so 
as to force the bird to fly at different 
glide ratios and speeds. By adding 
weight to the bird ahead ef, or behind, 
its center of gravity, it would be pos- 
sible to introduce pitching moments 
for which the bird wouid have to com- 
pensate with sweep of the wings. 


Soaring 


So far we have discussed only the 
aerodynamics of the bird in gliding 
flight and the bird’s stability. Now we 
will consider the process of gaining 
energy from the atmosphere—namely, 
soaring. Static soaring is accomplished 


by flying in an upward-moving air 
mass having a higher vertical velocity 
than the bird’s minimum sinking speed. 
By staying within the confines of such 
upcurrents, the bird will gain altitude. 

One common cause of upcurrents is 
orographic lifting as the wind passes 
over a ridge. Birds are capable of soar- 
ing on declivities of very small dimen- 
sions. However, they also soar on moun- 
tain sides, the best example being the 
soaring of hawks on Hawk Mountain 
in Pennsylvania. 

With a sailplane fitted with a sensi- 
tive instrument measuring the rate of 
climb, a pilot is able to duplicate the 
bird’s feat of soaring on a ridge. In 
fact, often a sailplane pilot merely 
needs to follow the bird in order to 
find the best lift. 

Just how the bird measures the verti- 
cal velocity and just how it determines 
which way to turn in order to stay in 
the upcurrent are questions which we 
cannot presently answer. 

Another source of energy for soaring 
is that provided by thermal upcurrents. 
These exist both in hilly and in flat 
country. A very thorough exposition 
of the nature of birds soaring on ther- 
mal upcurrents is given by Huffaker 
(10). Not only did Huffaker in 1897 
clearly describe the bird’s thermal soar- 
ing but he also indicated that there is 
good reason to believe that birds have 
some means for detecting thermal up- 
currents at a distance, for they often 
head directly for a given area and be- 
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gin circling. They inevitably gain alti- 
tude. 


Some years ago I speculated that the - 


bird must measure in some way the 
temperature gradient in the horizontal 
plane and that from this gradient it is 
able to determine the direction toward 
the warm upcurrent core. An attempt 
to do this in a sailplane merely proved 
that we know too little about the nature 
of thermal upcurrents to be able to de- 
vise instruments for prospecting for the 
thermal upcurrents (//). 

Another form of upcurrent, still a 
thermal upcurrent but over water in- 
stead of land, was beautifully studied 
by Woodcock (/2), using herring gulls 
as his indicators of the nature of the 
upcurrent. In Fig. 12 is shown a plot 
taken from Woodcock’s paper, which 
delineates the type of thermal upcur- 
rent, a columnar or cylindrical vortex 
with axis horizontal. This research is a 
clear example of the careful observa- 
tion and analysis which should be ap- 
plied to more of the problems of bird 
flight. 

The third source of energy for soar- 
ing is that which Lord Rayleigh de- 
scribed as flight through air which pos- 
sesses velocity fluctuations. On the basis 
of this thesis, S. P. Langley (73) made 
a study of the energy available in the 
wind. However, the actual mechanism 
of dynamic soaring was not clearly 
disclosed until Klemperer (/4) publish- 
ed his paper. Reduced to its simplest 
form, dynamic soaring is merely cor- 
recting for the turbulence in the air 
mass in such a way that potential 
energy is gained. Klemperer’s contribu- 
tion points a clear path toward the dup- 
lication of this process by man. So far, 
only certain birds are known to utilize 
dynamic soaring—in particular, the al- 
batross. 

The strict condition to be fulfilled, 
as Klemperer points out, is that the 
sailplane or bird must be immobile 
against pitching under the influence of 
gusts. Under this condition, an upward- 
ly direct gust results in increasing the 
angle of attack, thereby lifting the bird 
or sailplane. A gust having a horizontal 
component of velocity will result in an 
increase in effective air speed, thereby 
increasing the lift. In practice, this 
process might be accomplished on a 
sailplane by using modern gyroscopes 
and servo controls. 

A simple model of an analogy for 
dynamic soaring is shown in Fig. 13. 
By oscillating the model along its axis 
with a higher acceleration in the for- 
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BAZIN’S DYNAMIC SOARING ANALOGY 








Fig. 13. Bazin’s dynamic soaring analogy. 


ward direction than in the reverse, the 
marble is made to climb to the last 
stage of the model. Interestingly, Bazin 
(15) and Lanchester (/6) invented this 
analogy independently. 

Idrac (17) in his carefully document- 
ed study of the soaring flight of birds, 
described a second type of dynamic 
soaring practiced by the albatross. This 
bird flies an elliptic path, one vortex 
of which is in an area of high-velocity 
flow and the other near the water’s 
surface, in wind of relatively low ve- 
locity. In other words, this bird utilizes 
the energy in the boundary layer of the 
earth. 

The last phase of soaring has yet to 
be accomplished by man, although 
many have tried it. The Russians have 
recently (1956) flown a sailplane with 
elastically supported flapping wings 
capable of being “tuned” to the turbu- 
lence. No significant gains were re- 
ported, nor was any demonstration 
made to indicate such gains. Perhaps 
we need to study the dynamic soaring 
of birds in more detail before we can 
hope to succeed. 

The last and least understood phase 
of bird flight is that of flapping. Aero- 
dynamic theories for unsteady lifting of 
wings have been developed, but still 
there is much to be learned from the 
complex flapping motion of flexible 
wings, having slots which can open or 
close in various phases of the flapping 
motion. 

In so far as the actual motions of 
flapping flight are concerned, by far 
the best description is contained in the 
documentary work of Marey (/8), who 
used a time-lapse photographic tech- 
nique to define the flapping motion of 
the wings of birds. His three-dimen- 
sional models showing the flapping 
sequence are works of art. However, 
his studies, while of historic interest, 
contribute little to an exact understand- 
ing of the physical mechanism of bird 
propulsion by flapping. 

Of the more recent works in the field 
of flapping flight, there is the work of 
Kiichemann and Weber (/9). In a chap- 
ter of their book entitled “Aerodynamic 
propulsion in nature,” the authors make 


a clear comparison of the oscillating 
wing and the propeller. 

At the very low speeds of landing 
and take-off of birds, the propulsive 
efficiency of a propeller would be rather 
low. However, if the entire wing span 
is used to accelerate a large mass of air 
above it, thereby achieving a change in 
momentum with a relatively small ve- 
locity increment applied to the large 
mass, the efficiency remains quite high. 
In fact, if the flapping wing as a pro- 
pulsor could be designed for airplanes 
which are to take off and land in short 
distances, it would provide a very im- 
portant contribution in its high pro- 
pulsive efficiency at low speeds. 

The actual power required for flap- 
ping flight and the propulsive efficiency 
of the bird have not yet been measured. 
This is a challenging problem, but one 
fraught with experimental difficulties. 
However, with modern miniaturized in- 
struments and telemetering, it should be 
possible to gain some insight into this 
problem. 

From the zoological side, there has 
been a very thorough study made of 
the musculature of buzzards by Fisher 
(20). However, the question of de- 
termining which muscle plays a part 
in delivering power to the wing has not 
been satisfactorily answered. If it were, 
we would be able to determine the 
power output which these muscles can 
provide for flapping flight. 

From the standpoint of the biophys- 
ics of bird flight, we probably can sum 
up the state of our present knowledge 
by saying that we know very little. A 
few measurements have been made 
which were quite revealing when the 
bird was compared to man’s creation, 
the airplane. However, there are still 
many facets which challenge both the 
experimentalist and the theorist in this 
field of natural flight. It is my hope that 
some of these challenges will be ac- 
cepted by biologists, physicists, engi- 
neers, and mathematicians. 
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How Did Life Begin? 


Recent experiments suggest an integrated origin 


of anabolism, protein, and cell boundaries. 


The scientific question of the 
mechanism of life’s beginning is a more 
sophisticated version of the personal 
question, “Where did I come from?” 
This question, appropriately phrased, is 
one which man generally has long 
asked himself and which man individ- 
ually asks from his early childhood. 
If we accept the proposition that the 
impetus of the scientist is truly curiosity, 
virtually all thinking men are to a 
point scientists because of their special 
curiosity about this problem. 

One consequence of such widespread 
concern is the large amount of writing 
on the origin of life. The total number 
who have done little or no experimen- 
tation but have conjectured in print 
about this problem is remarkably large. 
The number who are currently active 
in putting ideas to experimental test is, 
however, remarkably small. Despite this 
emphasis, there are many whose 
thoughtful analyses should be credited 
with providing stimulating ideas and 
an increasingly favorable intellectual 
climate. Especially pertinent are printed 
speculations of Oparin (/), Bernal (2), 
Urey (3), Rubey (4), and Wald (5). 
Inasmuch as the experiments in our 
laboratory are treated here in some 
detail, I am pleased to acknowledge 
also careful and devoted collaboration, 
especially that of Kaoru Harada. 





The author is affiliated with the Oceanographic 
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This article is adapted from a paper presented 
26 December 1959 at the Chicago meeting of the 
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Sidney W. Fox 


The first international symposium on 
the origin of life was held in Moscow 
in 1957 under the auspices of the Inter- 
national Union of Biochemistry (6). 
The subject matter was at that time 
divided into five consecutive stages. A 
similar division involves (i) synthesis 
of organic compounds and (ii) synthesis 
of simple biochemical substances. The 
majority of the experiments which have 
been performed fall into these first two 
stages, which at times are telescoped 
into one stage. These experiments re- 
port production of, principally, amino 
acids under presumed prebiological 
conditions. The fact that the produc- 
tion of these biochemically significant 
organic compounds falls into one or 
both of the first two stages underlines 
the outlook that amino acids are rather 
far from being synonymous with life, 
a relationship which has not always 
been recognized. 

Stage (iii), having to do with pro- 
duction of large molecules, such as pro- 
teins, has received experimental atten- 
tion for almost as long as have the 
amino acids, with far fewer results. 

It is to be expected that life will 
ultimately be found to have arisen in 
stage (iv), which has to do with or- 
ganized cellular structure, or in stage 
(v), which concerns evolution of 
macromolecules and metabolism, or 
during both. There are in fact reasons 
to believe that, although it is analytically 
useful to think of these stages one at a 
time, the first life involved a simultane- 
ous orchestration of all five. 
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Production of Amino Acids 


Insofar as I am aware, the first bold 
experiments expressly constructed to 
provide information on stage (i) in 
prebiological chemistry were those of 
Calvin and his associates (7). Treet- 
ment of carbon dioxide and water in a 
cyclotron gave significant yields of 
formaldehyde and formic acid. The 
production of formaldehyde permitted 
visualization of the formation of carbon- 
carbon bonds and, therefrom, of a 
sufficient variety of organic compounds, 
Calvin’s experiments have been criticized 
on the basis that the prebiolcgical at- 
mosphere contained only a small pro- 
portion of carbon dioxide. One answer 
to this objection is that no more than 
a small proportion of any material was 
needed for the germ of life. I see 
no adequate basis for assuming, as has 
often been done, that the origin of life 
is necessarily a general geochemical 
problem. 

An experimental demonstration that 
especially focused attention upon this 
field of inquiry was the production of 
amino acids by electrical discharge in 
a mixture of methane, hydrogen, am- 
monia, and water, as reported more 
than six years ago (8). Miller obtained 
a few natural amino acids, some that are 
not found or are very rarely found 
in proteins, many ninhydrin spots not 
so far reported as identified, and other 
acids (9). Amino acids are of course 
more significant in our context than are 
formaldehyde and formic acid, and the 
experiments leading to production of 
those organic compounds are especial- 
ly well known, undoubtedly for this 
reason. 

Looking backward from 1960 we can 
see that, in fact, a majority of published 
experiments in this field have dealt with 
production of amino acids. These re- 
sults are comprised in more than ten 
papers describing scores of experimental 
modes for production of amino acids 
under conditions that can be desig- 
nated prebiological (1/0). One of the 
discernible reasons for the emphasis 
on amino acids is the fact that these 
substances are the components of pro 
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Table 1. Examples of eticcis of thermal poly- 
merization of amino acids. 








Leucine ~——_—— diketopiperazine, tar 
Phenylalanine —————> diketopiperazine, tar 
Tryptophan ————————> tar 
Aspartic acid + leucine ———— linear peptides 
Glutamic acid + 
phenylalanine ----—-——> linear peptides 
Lysine + alanine —-———————> linear peptides 
Excess aspartic acid + excess 
glutamic acid + 16 common 
amino acids ———____-» linear peptides 
containing all 
18 amino acids 





tein. It is difficult to visualize a primeval 
form of life which was not protein- 
centered in the same way that all cur- 
rent terrestrial life is. Another reason 
is the fact that amino acids, thanks to 
paper chromatography and ninhydrin, 
are easily identified. Another funda- 
mental reason is that amino acids are 
telatively stable organic compounds. 
This stability inheres in the fact that 
they are organic salts. The equilibrium 
between 


agen COO- 
nan Ss = bisa i —H 
R R 


the charged and uncharged forms, has 
been shown to be predominantly on 
the side of the charged form (//). The 
salt-like structure imparts a degree of 
thermodynamic stability. If one pro- 
vides a mixture of simple inorganic 
compounds of carbon, hydrogen, oxy- 
gen, and nitrogen with enough of any 
kind of energy to produce any organic 
compounds, production of some amino 
acids should not be unexpected, for 
this reason. 

One of the many other modes of 
production of amino acids, by way of 
example, is that of Bahadur (/2). 
Under the action of sunlight he ob- 
tained from formaldehyde and nitrate 
many amino acids identified by paper 
chromatography and three which were 
more fully characterized. Oro’ and his 
co-workers have recently also used 
formaldehyde, with hydroxylamine, in 
thermal synthesis of amino acids (/3). 

Inasmuch as amino acids can be pro- 
duced in so many presumably pre- 
biological ways (see also 14), one is 
unable to narrow the range of specula- 
tion about the nature of the geochemical 
matrix to any truly helpful degree. 

Our own laboratory method of pro- 
ducing amino acids has been thermal 
(15). These acids arose in experiments 
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aimed at producing protein in a pre- 
biological context. Many other unex- 
pected compounds were formed. With 


.support from the literature, the results 


can be related in one continuum of 
physical conditions to all of the five 
stages mentioned earlier. Some of the 
ways in which four amino acids have 
been produced thermally from _ inter- 
mediates used also by organisms are as 
follows: 


: aa 
aa H;*N—C—H 
| 
BOI ee OR 
| H,NCONH, | —CO, 
CH:2 COOH 
| (Aspartic 
COOH — 
(Malic 
acid) 
COO- 
me ee 2 
CH; 
(Alanine) 
COO- 
COOH | 
| H;*N—C—H 
HO—C—H Nz, 
— CH: 
CH: 
| CH: 
CH: 
| COOH 
COOH (Glutamic 
(a-Hydroxyglutaric acid) 
acid) 
CoOo- 
(CHO), + H:.NCONH: ———> | 
(Glucose) (Urea) H;*N—C—H 
| 
H 
(Glycine) 


No special argument is offered for 
the thermal mode of generation of 
amino acids in contrast to the many 
other mechanisms, except for the fact 
that with the former method amino 
acids can be produced under the same 
physical conditions that cause their 
polymerization. In recovering amino 
acids from the reaction of ammonia or 
urea on a hydroxyacid, it is in fact 
frequently necessary to hydrolyze the 
polymer formed in the same treatment. 


Production of Proteinoids 


In view of the premise that early 
organisms were protein-centered, the 
terrestrial origin of protein is a more 
penetrating question than the origin of 
amino acids. A plausible answer to the 
question of the origin of protein (76), 
based on experiment, has begun to take 
definite shape recently. At the outset, 
the initial experiments unexpectedly 
yielded results which offered clues sug- 


gesting the comprehensive origin of bio- 
chemical systems, and more recently 
of organized or cellular systems. 

The study leading to the syntheses of 
polymers with many properties of pro- 
teins was one of molecular evolution 
(17). The related interpretations in- 
cluded a Darwinian explanation of the 
known and then perplexing hetero- 
geneity of protein molecules (78) and 
the provocative realization that the two 
acidic amino acids, aspartic acid and 
glutamic acid, are relatively dominant 
throughout the proteins and many in- 
ternal fluids of plants and animals. The 
added inference that evolution of pro- 
tein molecules, especially of homolo- 
gous types, has been unexpectedly slow 
led to the carrying out of experiments 
to produce a presumably primordial 
protein. There were a number of rea- 
sons for selecting thermal energy to test 
polymerization of amino acids despite 
the fact that carbonaceous destruction 
of these substances is well known to be 
a dominant result of heating (79). The 
critical conditions that made an almost 
white polymer of 18 amino acids ob- 
tainable were found to be dry heat in 
the presence of excess dicarboxylic 
amino acids, aspartic acid, and glutamic 
acid. The temperatures used (150° to 
200°C) are consistent with assumptions 
about the thermal history of the earth 
beneath or at the surface, whether one 
subscribes to the theory of a “hot” 
origin or of a “cold” origin of this 
globe (20). 

The term proteinoid is employed to 
indicate a polymeric preparation con- 
taining, in peptide linkage, all or most 
of the amino acids common to protein. 

Before we examine some of the prop- 
erties of the proteinoids, mention should 
be made of other attempts to attain 
a similar objective. The most progress 
may seem to have been reported in ex- 
periments concerned with the action of 
ultraviolet light on aqueous solutions 
of amino acids (21). The simple pep- 
tides, glycylglycine and glycylalanine, 
were reported as products, but in trace 
amounts which were identified only by 
qualitative paper chromatography. Low 
conversions of amino acids to peptides 
are to be expected anyhow from consid- 
erations of equilibria (22), whereas 
understanding the evolution of bio- 
energetics requires conversions much 
higher than the few percent allowed by 
thermodynamics. Attempts by Miller 
to find biuret-positive material in his 
electrically produced products have 
been reported as unsuccessful (9). 
Akabori and his colleagues have ex- 
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perimental evidence for the direct sub- 
stitution of the simple polymer poly- 
glycine by serine and threonine residues 
to yield a somewhat variegated pep- 
tide (23). 

Our earlier experiments began with 
the premise that prebiological chemistry 
is reflected in biological chemistry. 
Since organisms synthesize their pro- 
tein from preformed amino acids, it 
was deemed most probable that pre- 
biological protein was also generated 
from preformed amino acids. This re- 
capitulationist outlook (J7) is con- 
sistent with that of others, notably 
Brachet (24). This constitutes also a 
reason for preferring to experiment first 
with condensation of amino acids rather 
than to alter preformed peptide chains 
which lack highly variegated side chains, 
such as polyglycine. The same reason- 
ing was also responsible for selecting 
amino acids as reactants instead of the 
easily polymerizable N-carboxy amino 
acid anhydrides (25), which do not to 
our knowledge have a close counter- 
part in nature. The involvement of 
phosphoric acid would, however, ac- 
cord well with the findings of compara- 
tive biochemistry. A listing of examples 
of homopolymerization, copolymeriza- 
tion of pairs of amino acids, and mul- 
tiple polymerization of 18 amino acids 
is found in Table 1. Most amino acids, 
when heated individually, yield tars and 
other unwanted products such as di- 
ketopiperazines. When two or more 
amino acids, one being aspartic acid, 
glutamic acid, or lysine, are heated to- 
gether, mixtures of. genuine peptides 
result, as well as some diketopiperazine. 
Since a large proportion of acidic amino 
acid effects reaction of neutral amino 
acid, excess acidic amino acid was 
utilized simultaneously with all of the 
neutral and basic amino acids common 
to proteins to give, in yields of 15 per- 
cent or more (some yields are much 
higher), polymers containing all of the 
reacted amino acids. 

When the thermal polymers contain- 
ing the 18 amino acids common to all 
organisms were first obtained, it was 
immediately apparent that such poly- 
mers resembled proteins in some re- 
spects. An exact appraisal of such 
resemblance requires extended scrutiny, 
and many special details of the struc- 
ture of natural proteins are yet to be 
evaluated (JJ). It has, however, been 
possible to compare more than ten 
properties of natural protein and the 
synthetic polymers. In making these 
comparisons we are indebted to many 
chemists who volunteered aid (26). 
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Points of Comparison 


Let us review briefly the principal 
points of comparison. Natural proteins 
of low molecular weight and the syn- 
thetic proteinoids have, in addition to 
the primary attribute of containing the 
same amino acids, other identical or 
overlapping properties as follows: ele- 
mental analysis, positive standard color 
reactions such as biuret, xanthoproteic, 
and Hopkins-Cole; similar infrared 
absorption spectra, range of molecular 
weights, solubility properties (including 
a tendency to be salted in and salted 
out), and electrophoretic mobility. In 
addition, they function as proteolytic 
substrates, they have nutritive value in 
replacing peptone for bacteria, their 
amino acid units show some degree of 
order which is the same in repeated 
polymerizations, and they possess mor- 
phogenicity—that is, a tendency to as- 
sume definite shapes. From the polymer 
are recovered D- as well as L-amino 
acids on hydrolysis. In this respect the 
polymer differs from mammalian pro- 
tein. There is, however, some evidence 
of considerable proportions of D-amino 
acids in proteins of many bacteria (26). 
Tests for antigenicity in rabbits and 
guinea pigs have so far been negative. 
This is a principal way in which the 
synthetic polymer is distinguishable 
from most proteins. Among the explana- 
tions advanced for the non-antigenicity 
of the synthetic polymer, one of the 
most likely seems to follow from the 
fact that the mean molecular weights 
of the synthetic materials overlap only 
the lower end of the range of molecular 
weights of natural proteins as often de- 
fined. Antigenicity is found usually in 
proteins of molecular weight greater 
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than 15,000. Ways of increasing molec- 
ular weight are being investigated, and 
additional tests for antigenicity are 
planned. Pirie and others have sug- 
gested that the proteins of highest 
molecular weight developed only after 
the first organism evolved (27). Similar- 
ly, since antigenicity is more charac- 
teristic of native than of dented 
proteins, antigenicity might have de-| 
veloped only after organisms had; 
evolved very subtly structured proteins, 

Figure 1 is a chromatogram of a 
hydrolyzate of the synthetic polymer. 
The qualitative pattern for casein or 
any other protein is essentially the 
same. The synthetic polymer was pre- 
pared by heating at 170°C for 6 hours 





one part each of aspartic acid, glutamic }. 


acid, and an equimolar mixture of the 
16 other amino acids. The product 
was aseptically dialyzed to free it of 
smaller molecules, and was dried and 
hydrolyzed (28). All the amino acids 
are present in considerable proportions, 
except for serine and threonine, of 
which there are only traces. These re- 
sults were confirmed by microbial assay 
and column assay in two other labora- 
tories. 

The mean molecular weight increases 
from 3600 in a proteinoid made at 
160°C to 8600 in one made at 190°C. 
These values were determined by end- 
group assay and may be compared with 
a value of 6000 for insulin, whereas the 
mean molecular weight of peptide per 
assayable end group of insulin is ap- 


proximately 6000/2 (or 3000). Mean} 


molecular weights of other thermal 
polymers containing all of the amino 
acids have been determined by the 
Archibald technique in the ultracentri- 
fuge in John Edsall’s laboratory, and 
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Fig. 1. Two-dimensional chromatogram of hydrolyzate of casein and of a proteinoid. 
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Fig. 2. Proteolysis of proteinoid by pepsin and chymotrypsin. 


by the Craig dialytic method. Mean 
molecular weights for all these poly- 
mers fall in the range of many thou- 
sands. 

The susceptibility to proteolysis of 
the thermal polymer is shown in Fig. 
2. It is evident that proteolytic enzymes 
such as chymotrypsin and especially 
pepsin can act upon this material as 
upon the substrate to which they have 
been adapted in evolution. Essentially 
no splitting is observed in controls 
without enzyme. G. Krampitz has re- 
cently reported that thermal polymers 
of amino acids are also split by trypsin 
and papain (29). One can infer that 
the thermal treatment yields peptide 
bonds which behave normally in this 
respect and that the elevated tempera- 
ture employed in synthesis does not 
produce secondary structures which 
mask all such bonds. The dditional 
fact that bacteria can use uiese ma- 
terials for protein nutrition is pre- 
sumably a manifestation of the action 
of bacterial proteases. 

Somewhere in the transition from the 
inanimate to the animate world, order 
such as is often ascribed to units in 
natural protein should have arisen. 
Table 2 presents data bearing on this 
point. Briefly, in each case, the propor- 
tions of aspartic acid, glutamic acid, 
and (collectively) the 16 other amino 
acids in the product differ markedly 
from those proportions in the reaction 
mixture. Also, the proportions in one 
position in the peptides, the N-terminal, 
differ markedly from those in the total 
composition. This result is typical of 
many which show the same kind of 
trend (26). The evidence thus indicates 
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that the thermally reacting amino acids 
influence their own order. These re- 
sults, in turn, suggest that nonrandom 
arrangements could have arisen in the 
first protein molecules before presumed 
templet or other mechanisms were 
sufficientiy developed to govern, or 
perhaps largely to fix, the order of 
residues. 

One can find individual proteins 
which have ail of the properties pos- 
sessed by the proteinoids except possibly 
the nonantigenicity, a point which re- 
quires qualification. Due to the varia- 
tion in proteins, exact comparison pre- 
sents some difficulties, but in essence 
these criteria do not permit distinguish- 
ing proteinoid from natural protein, 
or polypeptide, of molecular weight 
approximately 10,000. 


Temperatures 


The research to this point was based 
on our unwillingness to accept several 
commonly held assumptions, the most 
notabie of which is the expectation that 
organic compounds are not sufficiently 
stable at the temperatures first em- 
ployed for polymerization. This anti- 
thermal philosophy still persists (30), 


but the beneficial effect of starting with 
dry or, at the most, moist reactants in 
order to obtain the results reported 
here cannot be overemphasized (3/). 
The conceptual difficulties for high 
temperature are aggravated by the un- 
warranted assumption that there were 
long geological periods in which un- 
renewed compounds were heated. A 
different assumption is the dynamic and 
continual generation of prebiological 
compounds, a picture consistent with 
the continual generation of compounds 
in organisms. It is of added interest 
that thermophilic organisms have been 
proposed as the most ancestral (32). 
It is also worthy of note that many of 
the organic compounds in nature, espe- 
cially the polymeric proteins, polysac- 
charides, and nucleic acids, are sche- 
matically dehydration products (33). 
Although their results were not inter- 
preted in the context of origins, Mora 
and Wood have recently shown that 
polyglucoses may be made from the 
monomeric glucose at temperatures of 
140° to 170°C (34). 

Despite the fact that temperatures 
above 150°C cannof be ruled out as 
one of the primordial conditions, it has 
been possible to lower substantially the 
necessary temperatures for polymeriza- 
tion in the laboratory. Yields have been 
enhanced by the addition of phosphoric 
acid, polyphosphoric acid, and various 
phosphates including adenosine tri- 
phosphate (35). One of the most active 
forms is a polyphosphoric acid which 
yields at temperatures as low as 70° 
significant amounts of polymer from 
15 amino acids (36). This finding is of 
particular interest when it is compared 
with the known activating effect of 
phosphate in protein biosynthesis (37). 
The suggestion that there is a correla- 
tion is enhanced by the fact that ex- 
periments in which the phosphoric acid 
is replaced by sulfuric acid show that 
the latter fails to produce any polymer; 
sulfate is likewise not implicated in 
biosynthesis. 

The finding that amino acids can be 
polymerized at a temperature well 
below 100°C underlines the futility of 
extended debate about experiments be- 


Table 2. Distribution of amino acids. 














Proportions in Proportions Proportions in 
reaction mixture in product N-terminus in product 
Aspartic Glutamic Aspartic Glutamic * Aspartic Glutamic 
acid acid 2BN* acid acid 2BN acid acid ZBN” 
33 33 33 55 13 32 7 30 63 





* SBN, 16 basic and neutral amino acids determined collectively. 
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Table 3. Variation in spherules with variation in constitution of the polymer. 





Polymer 


Nature of unit 





Proteinoid 

Aspartic acid-glutamic acid 
Aspartic acid-lysine 

Aspartic acid-leucine 

Aspartic acid-methionine 

Aspartic acid-glutamic acid-leucine 
Glutamic acid-glycine 


Alanine-aspartic acid-glutamic acid-glycine-diaminopimelic acid-glucosamine 


Polyglycine 
Polyaspartic acid 


Spherule 

Spherule 

Spherule 

Spherule 

Spherule 

Spherule 

Oblate spherule 
Nonuniform spherule 
No spherule 

No spherule 





fore there has been time to conduct and 
report them (30, 31). The results de- 
emphasize the alleged difficulties aris- 
ing from laboratory temperatures of 
150°C and emphasize instead the intel- 
lectual difficulties created by negative 
assumptions which, if viewed seriously, 
can paralyze experimentation. 

The fact that it is possible to effect 
the polymerizations at an appreciable 
rate at temperatures below 100°C per- 
mits renewed investigation of experi- 
mental studies involving origin and 
retention of optical activity. It has, 
however, been evident for some time 
that several potential explanations, bio- 
logical and chemical, exist for the 
origin of optical activity (5, 38). The 
question is, rather, which mechanism 
or mechanisms were actually involved. 
The concept of spontaneous resolution 
in this context has gained some re- 
newed favor with the demonstration 
that pL-glutamic acid can be resolved 
simply by seeding with one enantio- 
morph (39). 

It is now clear that it is possible to 
produce by thermal polymerization 
many peptides which vary in molecular 
size, in composition, and in other 
physical properties. In addition, when 
compounds other than amino acids, of 
the nature of so-called prosthetic 
groups, are included in the reaction 
mixture, the characteristics of the 
products are altered. Polymers of each 
kind are being systematically surveyed 
for enzyme-like activity. Aside from 
conclusive demonstrations of catalytic 
activity, answers to related questions of 
interest are being sought: How many 
kinds and how much enzymic activity 
of each kind are present? Will the 
results suggest that much of the enzy- 
mic power of current organisms is itself 
the result of Darwinian evolution, a 
possibility that has been proposed by 
several workers, or was the most primi- 
tive organism highly self-sufficient in 
this respect? 

The basic question of whether pro- 
teinoids have catalytic activity may be 
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viewed against the known fact that 
peptides, such as polyhistidines, other- 
wise prepared, are hydrolytic catalysts 
(40), the known thermal stability of 
yeast invertase and other enzymes in 
the dry state (47), and the widely held 
notion that much evolution of enzymes 
occurred during the era of the begin- 
ning of life (42). When the questions 
about catalytic activity in proteinoids 
are answered, it may be apparent that 
the more basic question was that of the 
origin of large molecules combining a 
variety of amino acids through the 
peptide bond. 


Morphogenicity 


One of the properties of the synthetic 
material is its morphogenicity. A tend- 
ency to yield microspheres having di- 
ameters in a bacterial range is illustrated 
in Fig. 3. Typically, 1 billion of these 
units result from treating 15 milligrams 
of the proteinoid with 2.5 milliliters of 
hot water and allowing the clear solu- 
tion to cool for a few minutes. The 
units shown are approximately 2 
microns in diameter. These were formed 
in sea water and centrifuged; after 
centrifugation they were found to have 
retained their integrity (43). 

Another property of the microspheres 
is the tendency to shrink in sodium 
chloride solution hypertonic to that in 
which they are produced. In such cases 
the spherules assume a volume much 
less than that of the original. Such 
experiments are carried out in solu- 
tions previously saturated with the 
thermal polymer, so that changes in size 
cannot be ascribed to solution. Ac- 
cordingly, the behavior of the spherules 
suggests that they are osmotic. Of 
course, additional experiments must be 
performed to evaluate this. 

The fusibility of the spherules pre- 
pared in the presence of certain sub- 
stances, such as some lipids, suggests 
that useful biochemical abilities might 
have been combined in a similar fash- 


ion. This picture perhaps provides a 
mechanism for the lengthening of bio- 
synthetic sequences envisioned in the 
Horowitz hypothesis (44), by the 
packaging of various groups of bio- 
chemical abilities in discrete units. In- 
dividual units which contained some 
synthetic capacities might then have 
combined with other cells which had 
other synthetic abilities to provide new 
cells with selective advantage. Other 
possibilities, however, such as an origi- 
nal autotroph, cannot yet be rigorously 
excluded from the larger conceptual 
framework. 

The units described differ in many 
ways from most previous cell models, 
especially in being composed of poly- 
peptide material. Oparin’s coacervates, 
however, are made from gelatin and 
other materials (/). Here the properties 
are somewhat different. One salient dif- 
ference is the fact that these spherules 
are the product of a continuum of 
phenomena suggesting successive bio- 
chemical and physiological origins, 
Secondly, inasmuch as our material is 
synthetic it is possible to vary its con- 
stitution over a wide range and thus 
to explore the variation of properties 
of spherules with that of the constitu- 
tion of the polymer. Many variations 
have been examined; the property is 
evidently associated with many thermal 
copolymers of amino acids. We are 
thus not restricted to material of recent 
evolutionary origin, such as gelatin. It 
is, of course, of more interest to com- 
pare the thermal cell models with nat- 
ural cells than with coacervates and to 
define, and experiment with, these dif- 
ferences. 

Some of the variation is presented in 
Table 3. One salient feature is that 
polymers prepared with the inclusion 
of such special amino acids as diami- 
nopimelic acid, found almost only in 
blue-green algae and some bacteria, 
yield also a sphere-forming polymer, 
but the units obtained are larger on the 
average, and not so uniform in size. A 
glutamic acid-glycine polymer _ gives 
units resembling erythrocytes in shape. ] 
Proteinoid synthesized in the presence 
of starch yields sickle-shaped units. In- 
clusion of ribonucleic acid or deoxy- 
ribonucleic acid in the hot water from 
which the spherules are made provides 
also some structural effects. 

The tendency of varied polymers tot 
form varied structures morphologically 
indicates that, despite the seemingly 
brutal thermal origin, fine differences 
in supramolecular and molecular struc- 
ture are obtained (45). 
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Prebiological Origins 


As stated, it becomes possible to 
visualize, on the basis of such experi- 
ments, physiological as well as _bio- 
chemical origins. Probably prebiologi- 
cal evolution was gradual, as has been 
asserted by others, but events punctu- 
ating the organization of prebiological 
activities must have had a signal char- 
acter. The first sudden production of 
osmotic boundaries in the primitive, 
presumably warm sea or in a peri- 
volcanic spring must have been a mo- 
mentous event for subsequent life. At 
this significant instant there appeared 
not only the form of the most luxuriant 
unit of life that we know but the first 
environment. Some of these first units 
could do prebiochemical business, and 
subsequently biochemical business, with 
that environment. The universal neces- 
sity for nutrition of all cells has been 
with us ever since (and I use “us” in 
the basic Darwinian sense of kinship 
with all living things). Also with us has 
been the eternal problem of understand- 
ing the relationship of the individual to 
his environment, a problem which has 
grown much more complex and vexing 
than it could have been at the moment 
of its remote evolutionary origin. 

Another aspect of interest for future 
study is the relationship to optical ac- 
tivity. The finding that spherules can 
form from polymers composed of both 
D- and L-amino acid units was some- 
what surprising. The conversion of 
polymers to spherules is typically one- 
third by weight. The possibility of opti- 
cal enrichment in or by the spherules 
has not yet been investigated. 

Another feature of such processes as 
the polymerization and spherule pro- 
duction in a continuum is their stark 
simplicity. These are processes which 
could have occurred on the primitive 
earth, before the establishment of sci- 
entific apparatus supply firms; only the 
natural geological crucible would have 
been required. 

These considerations underline also 
another inferred feature in these proc- 
esses—a repeatedly observed tendency 
toward self-organization (46). 

The first experiment on_ thermal 
copolymerization of amino acids gave 
unexpected products and led to research 
which for 3 years also essentially organ- 
ized itself. A principal part of the re- 
sults is shown in Fig. 4. These are 
thermal pathways indicating the produc- 
tion of amino acids from Krebs-cycle 
acids (malic acid or fumaric acid), of 
one amino acid from another, and of 
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the vitamin intermediate @-alanine from 
aspartic acid; the polymerization of 
amino acids; and the production of a 
nucleic acid biointermediate, ureido- 
succinic acid (38). These compounds 
are all true biochemical substances ex- 
cept for some of the macromolecules 
and some DL forms that take the place 
of the natural L types. Most striking is 
the fact that the sequences of reactions 
are like those of a generalized bio- 
synthesis. It was in fact possible to 
suggest in 1955 (17) a confluence of 
major biochemical cycles; in part this 
was also proposed in 1956, by Reichard 
and Hanshoff, on the basis of conven- 
tional biochemical investigation (47). 
The finding of ureidosuccinic acid is 
essentially the only experimental dem- 
onstration yet published dealing with 
the prebiological origin of nucleic acid. 


Many thermal experiments are thus 





suggested, and these are being pursued. 
The results with proteinoid, of course, 
suggest experiments on a similar ther- 
mal route to nucleic acid-like materials. 
So far it appears more certain that 
polyribose has been produced than that 
polyribonucleotides have been (48). 
This goal is of interest because the 
gene, and therefore in some way 
nucleic acid, is believed to represent 
the apex of biochemical organization 
(49). Prebiochemical organization, 
however, probably proceeded from 
simplicity to complexity rather than 


the reverse, and the gene is molec- 
ularly most complex. 
The notion that amino acids con- 


tributed to their own order in polymers 
before life began is not incompatible 
with the belief that nucleic acids govern 
this order in living cells. It may also 
now be possible to experiment with the 


\. a a @ ta . * 
Fig. 3. Individual and aggregated microspheres from hot 0.1N potassium thiocyanate 
solution and 2:2:1 proteinoid (43) (x 1550). 
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effect of nucleic acids on ordering in 
thermal polymerization and to draw 
some inferences regarding the most 
likely stage at which nucleic acids may 
have entered the prebiological or bio- 
logical picture in this function. A re- 
lated point is that nucleic acid com- 
ponents arise biosynthetically through 
amino acids (38). 


Summary of Research 


In attempting to summarize research 
on how life began, we can see that for 
the first time, in the decade drawing 
to a close, a number of laboratories 
have supplied experimental demonstra- 
tions of the way in which isolated 
chemical aspects of life might have 
arisen spontaneously. This kind of re- 
search has gained much respectability 
which it formerly did not possess. The 
various contributions have involved 
one or two of the five stages of prelife. 
One experimental program and theory, 
that which is predominantly thermal, 
has connected parts of each of the five 
stages in a continuum which proposes 
many living phenomena as inexorable 
consequences of preceding phenomena. 
The fact that this mode is thermal 
primarily reflects the circumstance that 
thermal experiments continue to beget 
thermal experiments. It does not sig- 
nify that other modes of energy were 
not involved in the emergence of life, 
particularly in the first stages in which 
the simplest organic compounds arose. 

An integrated outline conceptuali- 
zation of the way in which life might 
have begun in an orderly sequence of 
events, drawn largely from the ther- 
mal experiments, is presented in Fig. 5. 
The chemical reactions through the 
micromolecules might occur in any of 
many ways which have been demon- 
strated in many laboratories. The poly- 


merization of amino acids on one hand ° 


or of pyrimidines, purines, and ribose 
on the other would occur in a hypohy- 
drous—that is, a dry or at most moist— 
reaction mixture at moderately elevated 
temperature. The hypohydrous, dry, or 
phosphoric state would characterize 
steps A, B, and C. According to this 
concept, concentration of compounds 
in an oceanic soup would be unneces- 
sary because the reactions occur with 
little water from the outset. The re- 
sultant mixtures of polymers and nu- 
merous reactants in a state of linked and 
continuous generation would, when 
subsequently discharged into a primi- 
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tive aqueous pre-environment (step D), 
yield osmotic boundaries, with enzyme 
material and preanabolites in an inti- 
mate relationship. Prebiotic selection of 
proteins with catalytic activity would 
begin at step C. A first cell division 
would occur at step E, and dissociation 
of nucleoprotein, at step F to release or 
generate selected enzymes to catalyze 
the chemical steps which would con- 
stitute a repetition of the first cycle. 
The minimal cycle needed for repetition 
of itself would then be subject to 
deviations some of which would have 
selective advantage. Molecular evolu- 
tion would proceed through step G 
(I7);. 

This postulated cycle recognizes the 
interplay of experiment and theory not 
only for biochemistry as defined by 
substances but also for linked, con- 
tinual, and dynamically related reac- 
tions, for the generation of protein to 
provide varied enzymes to catalyze the 
reactions, and for the development of a 
physiological organization to contain 
and repeat those processes. The last- 
mentioned phenomenon of replication 
is one that stands out among those 
phenomena for which no experimen- 
tal model is at hand. An adequate 
cellular biosynthesis is another missing 
piece in the puzzle, and there can of 
course be others. The inferences arising 
most closely from the experimental 
model are (i) spontaneous generation 
of biochemical pathways, including pro- 
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duction of amino acids and nucleic 
acid intermediates, (ii) origin of pro- 
tein in intimate relationship in the 
same reaction mixtures, and (iii) spon- 
taneous separation into preliving units 
and environment when the system be- 
came aqueous, all of these steps oc- 
curring in an evolutionary and physical 
continuum. Incidentally, we are justi- 
fied in thinking of Darwinian selection 
of molecules in prelife if these mole- 
cules persist into, and confer advantage 
on, the first organism (see 50). 


Position of Viruses 


Among the controversies which lace 
our subject matter are those that con- 
cern the definition of life and the posi- 
tion of viruses. Recently Pigman has 
discussed in a book review the postu- 
late that viruses are a bridge between 
molecules and cells, and has referred 
to “the great difficulty that known 
viruses seem to be parasitic degenerate 
forms of cells incapable of surviving 
under the probable cultural conditions 
of the pre-life era, even if the seas were 
filled with synthetic amino acids and 
peptides.” 

Until someone succeeds in culti- 
vating a virus in the absence of cells, 
many viewers of the scene will be un- 
able to regard a virus as an evolution- 
ary bridge between molecules and life, 
although virus molecules bridge the 


COOH 
H,NCOHNCH 
CH, 
i] 
Ry, COOH 


<= 


9 
OG UREIDOSUCCINIC 


vy, 
ty RY 
©, 
> COOH 
2 H, 


ACID 





—> PROT EINOIDS 









COOH 
cH, 
CH, NH, 


fs “ALANINE 


Fig. 4. Thermal pathways resembling biosynthetic pathways. 
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Fig. 5. Postulated first cycle leading to life, its reproduction, and mutation. 


two realms from the standpoint of size 
(51). The controversy may actually dis- 
appear when considered in the rigorous 
context of life’s beginning, by percep- 
tion of the fact that a virus is not alive 
simply because it cannot be replicated 
in the absence of cells, and that cells 
would thus have had to appear first. 
One cannot, however, rule out the 
possibility that primitive viruses had 
more competence than their current 
lineal descendants, which may be 
more recently adapted to cells. 

In the same general context, an enzy- 
mically synthesized, biologically active 
polynucleotide cannot be considered to 
be synthetic life until the enzyme is 
totally synthesized first, if it may be 
considered to be so even then. 


Unified Outline Theories 


At the present moment there is new 
reason to entertain seriously the germ 
theory of the origin of life. Kluyver 
and Van Niel, who did so much to help 
establish the concept of the “unity of 
biochemistry,” developed one evolu- 
tionary picture of bacteria which began 
with the cocci (52). It is the cocci that 
the thermally produced spherules par- 
ticularly resemble in range of diam- 
eter. Size and shape taken together 
are, of course, fundamental to taxo- 
nomic evaluations in the bacteria. 

The significance in 1960 of a con- 
tinuum embracing both molecular and 
cellular phenomena can be stated by a 
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quotation from Michael Tswett, who 
said in 1908 (53): “It is too often for- 
gotten, especially on the chemical side, 
that living tissues are not mere mix- 
tures of compounds remaining in 
chemical equilibrium, but are organized 
structures, where, as a result indeed of 
osmotic boundries, the most varied 
reactive bodies stand next to each 
other: ....” 

The question “How did life begin?” 
focuses attention upon subtle but im- 
portant differences between the verb 
begin, used intransitively, and the verb 
Start, used transitively. We assume that 
someone some day will succeed in 
producing a cell which metabolizes 
and reproduces itself and its metabolic 
pattern in such a manner that no ex- 
perts will disagree with the conclusion 
that the unit is alive. When that oc- 
curs, a chemical evolutionist will have 
started life, whereas that from which 
we are descended began. Will we be 
able, then, to say that the experi- 
mental demonstration reveals how life 
began? At first glance the answer seems 
to be negative. It should be possible, 
however, when life has been synthe- 
sized, to determine the latitude of each 
of the conditions required for synthe- 
tic life, and perhaps the latitude of 
some of them before life is started. As 
a hypothetical example, we now know 
that some synthetic polymers will not 
yield spherules, as reported in Table 3. 
When the full scope of conditions nec- 
essary for the synthesis of life is deter- 
mined, it should be possible to judge 


whether these are conditions associated 
with the current earth, with what we 
believe to have been the prebiological 
earth, and with conditions prevailing 
on other planets. 

A related thought is that life may be 
beginning now. Although we can with 
certainty say only that life arose at 
least once, there is increasing reason 
to believe that life can, or even must, 
arise in many places at many times. 
The common floral pattern of many hot 
springs areas and concepts of parallel 
evolution are consistent with this idea, 
and pose the possibility that we fail 
to recognize life beginning anew be- 
cause it so resembles unevolved descend- 
ants of primitive forms already here. 
There is of course no assurance that life 
is beginning now on the earth; the 
point is that we have less reason to 
exclude this possibility than we had 
formerly. Perhaps we may evaluate this 
more precisely as we learn about the 
chemistry of the interior of the earth. 

We must continue to entertain the 
possibility that one, many, or all experi- 
mental models of life’s beginnings may 
prove to be no more than models. 
From the thermal model there is al- 
ready a minimum gain in the discovery 
of methods for easily producing a vari- 
ety of peptides (some of which are 
being studied in industry for potential 
utility), the discovery of convenient 
methods for synthesizing some amino 
acids, and contributions to the inter- 
esting process of microencapsulation. 
One of these advances was essentially 
an original objective in research that 
my co-workers and I directed. At the 
interpretative level, the research which 
has directed us has led in outline to a 
unified theory. This theory at the least 
indicates that a scientific answer to the 
question, “How did life begin?” need 
not be considered hopelessly incompre- 
hensible. What can be said at the most 
is obviously subject to further experi- 
mental discipline, but experiments al- 
ready performed may delineate the es- 
sential pathway of life’s emergence. 

However, judgments on this, or any 
other unified outline theory which may 
arise, need not wait entirely on the 
production of synthetic life and sub- 
sequent analyses. Darwin’s theory of 
evolution has, for example, been judged 
and has proved to be intellectually 
useful on the basis of its consistency 
with much general knowledge, rather 
than on that of any single dramatic 
experiment. The same kind of evalua- 
tion is to some degree increasingly 
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possible with any theory of life’s be- 
ginning. At the same time, we can 
anticipate much more rapid progress 
in this case from experiment than from 
the controlled observation employed by 
Darwin. 

Having stirred the embers of Dar- 
winian thinking, I should like to con- 
clude with a popular quotation from a 
letter of Charles Darwin’s, as recorded 
by Francis Darwin. 

“It is often said that all the condi- 
tions for the first production of a living 
organism are now present, which could 
ever have been present. But if (and oh! 
what a big if!) we could conceive in 
some warm little pond, with all sorts 
of ammonia and phosphoric salts, 
light, heat, electricity, &c present, that 
a proteine compound was chemically 
formed ready to undergo still more 
complex changes. .. .” 

One can again be amazed by the 
amount of insight expressed by Dar- 
win, in this letter of 1871, before 
nucleic acid was identified, and before 
a simple phosphate-aided chemical 
route to polyamino acids (“proteine”) 
yielding microscopic spheres could be 
demonstrated (54). In general historical 
perspective, we can see that, in 1960, 
the big if in Darwin’s letter of 1871 is 
being replaced by a growing complex 
of more ramified ifs. 
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Science in the News 


The Democratic Convention: 
Kennedy’s Brain Trust and His 
Plans for a “New” New Deal 


From Los Angeles—The Democrats 
have held a convention and adopted a 
platform in which more attention has 
been paid to science than in any pre- 
vious convention. For the first time the 
platform includes a plank devoted 
specifically to science, calling for the 
government to recognize its “special 
role in support of basic and applied re- 
search.” The Republican platform is 
certain to echo this view. The Demo- 
cratic plank is not so much a statement 
of policy as a reflection of the fact that 
the government will spend $9 billion 
on science and technology this year and 
that even heavier expenditures are in- 
evitable, no matter who wins the elec- 
tion. 

The more important news, though, is 
not in the promises in the platform nor 
in the routine references to the impor- 
tance of science that appeared in many 
of the speeches. It is in the attitudes of 
John F. Kennedy and the people who 
surround him. Kennedy and his ad- 
visers, the latter including some well 
known figures in the academic world, 
are thinking very much in terms of a 
revolution in American life which they 
believe will be as important as that 
which followed the election of Franklin 
D. Roosevelt. They believe that the 
United States cannot compete with the 
Soviet Union as it is now oriented. 
They believe, in particular, that there 
must be a substantial revision in the 
present balance between public and 
private spending and that the federal 
government must assume a far more 
important role in dozens of areas, from 


| civil rights to conservation; science and 


education rank high in the list of areas 
where they believe a very great increase 
in the level of federal financial support 
to be necessary. These things are what 
Kennedy was talking about in his ac- 
ceptance speech when he said that 
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America must choose between “public 
interest and private comfort, between 
national greatness and national decline,” 


Kennedy’s Program 


Kennedy’s closest adviser on eco- 
nomic matters is J. Kenneth Galbraith 
of Harvard University. The policies to 
which Kennedy and his supporters are 
committed are to a large extent reflec- 
tions of the position crystallized in Gal- 
braith’s book, The Affluent Society. 
Galbraith argued that as society (as in- 
dividuals) has grown more and more 
prosperous, there has not been a satis- 
factory increase in spending on the 
things that society (as a group) must, 
or at least in the view of liberals, ought, 
to buy. Galbraith argued that there is, 
relatively at least, public squalor in the 
midst of private prosperity. Kennedy 
wholeheartedly accepts this view, and 
his policies, if he is elected, will to a 
large measure be aimed at correcting 
the imbalance. 

In the field of education, for example, 
he is committed to a federal aid to edu- 
cation program of not less than $1 bil- 
lion a year, covering increases in teacher 
salaries as well as classroom construc- 
tion. He will ask for a great expansion 
of the student loan and federal scholar- 
ship programs-expansion aimed, pre- 
sumably, at putting a college and even 
a postgraduate education within the 
reach of every qualified student. He is 
expected to offer programs, unspecified 
as yet, to relieve the financial strain on 
the privately endowed colleges. On sci- 
entific questions he appears committed 
to an atoms-for-peace program, to an 
expansion of international research pro- 
grams along the lines of the “Health 
for Peace” plan, and to a very sub- 
stantial increase in support for scientific 
research generally. He is expected to do 
a lot of talking about science during his 
campaign, emphasizing the need for 
scientific research to support practical 
programs, including disarmament. He is 
expected to talk about the need for in- 


creased basic research, although this is 
hardly the sort of thing that would make 
a popular campaign issue. 

All of this—and it is only a small 
sample of what the Kennedy people 
have in mind—is going to cost a great 
deal of money. The party platform 
argues that the Democrats will be able 
to put through such big new programs 
without raising taxes. During the cam- 
paign Kennedy may well echo this view, 
arguing as the platform does that clos- 
ing tax loopholes, and more important, 
use of the power of the federal govern- 
ment, in as yet unspecified ways, to as- 
sure a greater rate of growth of the 
economy will provide more income for 
everyone, including the federal govern- 
ment. This may be true, but such in- 
creases in federal income as may come 
painlessly through growth, or moderate- 
ly painlessly through closing tax loop- 
holes, are hardly likely to pay for the 
full cost of the new programs. The 
Democrats have not been talking seri- 
ously about tax cutting except as a 
temporary thing in the event of a reces- 
sion, and Kennedy, who can be refresh- 
ingly candid as politicians go, has on 
several occasions conceded that tax in- 
creases may well be necessary. 

In truth, Kennedy does not regard 
the present tax burden as too heavy by 
any means. He is likely to raise taxes 
as fast as is politically possible, for the 
extent to which he can carry out his 
program, including the scientific and 
educational sides of it, will be limited 
largely by the extent to which he can 
persuade the public to accept the taxes 
necessary to pay for it. The belief that 
Kennedy will be able to persuade the 
public to follow this road, or at least 
to lead the public in this direction even 
if it is not quite persuaded, is one of 
the principal things that has brought 
Kennedy the support of Galbraith and 
others who are convinced that such big 
and expensive new programs are urgent- 
ly needed. 


Wooing the Intellectuals 


Kennedy has succeeded in drawing 
around him a still fairly small but very 
influential group of people from the 
academic world. Besides Galbraith they 
include historian Arthur M. Schlesinger, 
Jr., of Harvard University, (both Gal- 
braith and Schlesinger were at the con- 
vention actively working for Kennedy); 
labor-law expert Archibald Cox, of 
Harvard Law School, who was in Wash- 
ington helping to organize the Kennedy 
campaign even before the senator had 
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won the nomination; economists Walter 
W. Rostow and Max Millikin, both of 
M.I.T. and both specializing in the 
study of underdeveloped nations; Paul 
A. Freund and Mark deWolfe Howe, 
both of Harvard Law School and ex- 
perts in civil rights law; and a _ half 
dozen or so others with national reputa- 
tions. Kennedy has established close 
relations, among scientists, with Jerome 
B. Wiesner, of M.I.T., expert on com- 
munications engineering and disarma- 
ment, and Bruno Rossi, of M.I.T., an 
authority on space research, and sev- 
eral others. 

Nearly all of these people were 
actively working for Adlai Stevenson in 
1952 and 1956. Kennedy’s success in 
winning them over—his ability to com- 
mand the support of such people—has 
been useful to him in his campaign for 
the nomination and will continue to be 
useful in his campaign for the presi- 
dency. For a good many members of 
the academic and intellectual worlds 
and many influential journalists felt that 
Adlai Stevenson should have received 
the Democratic nomination, that Ste- 
venson was elbowed aside by a “pleas- 
ant man who, without any important 
qualifications for the office, would very 
much like to be president,” to use the 
terms in which Walter Lippmann de- 
scribed Roosevelt in 1932. 


Role as Vote Getters 


Galbraith, Schlesinger, and the rest 
are conscious of their usefulness to 
Kennedy beyond their more obvious 
functions as policy advisers or speech 
writers. They are quite willing to be 
used to help win Kennedy support 
among people who are in a position to 
influence the votes of other people. At 
least among those of them who were at 
the convention there seemed to be no 
reluctance in their support of Kennedy. 
They talk of Adlai Stevenson’s “great 
heart,” and they describe Hubert Hum- 
phrey, another favorite of liberal intel- 
lectuals, as “a great fighting liberal.” 
But their support of Kennedy for the 
presidency seems to be wholehearted. 
They see in him the drive, the intel- 
lectual capacity, and above all the in- 
definable quality of political leadership 
that will get him elected and enable 
him, once elected, to push through the 
programs they believe necessary. They 
are conscious of the impossibility of 
predicting the caliber of performance 
of a president before he is in office, but 
they seem convinced that Kennedy is 
the best bet. 
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The Kennedy brain trust at this point 
is drawn primarily from Harvard and 
Massachusetts Institute of Technology, 
as a result of the senator’s close con- 
nections with Boston and Harvard. Gal- 
braith, for instance, has known him 
for years and has been a close policy 
adviser for 3 or 4 years. He called 
Kennedy the day after the senator’s 
massive re-election victory in 1958 and 
formally offered to support him for the 
presidency. Archibald Cox had worked 
with Kennedy on labor legislation for 
several years before he offered his sup- 
port in the presidential campaign. 
Others, working closely with Kennedy, 
have not been so thoroughly committed 
to helping him in his campaign, “We 
don’t ask for an oath of allegiance,” 
says a Kennedy staff man involved in 
gathering academic support. 

The method has been for a Kennedy 
staffer, usually Ted Sorensen, the sena- 
tor’s closest policy adviser, to approach 
academic people to ask for advice on 
problems which call for their special 
knowledge. If the exchanges of views 
that result are favorable, a personal 
relationship tends to develop first with 
the staff people and eventually with 
Kennedy himself; still later this tends 
to lead to a commitment, explicit or 
implicit, to support the Kennedy-for- 
president movement. The method is not 
unique with Kennedy. It is a matter of 
importance these days for any candi- 
date—and even more, of course, for 
any President—to have such a pool of 
expert talent available to him. The 
president can have it by simply asking 
for it. The candidate must, to a large 
extent, win such support, and as the 
roster of intellectuals for Kennedy 
demonstrates, he has been very success- 
ful. It is known that Senator Johnson 
has made similar overtures to intel- 
lectuals without much success. These 
men apparently simply did not feel at 
home with him, nor he with them. It is 
Kennedy’s strength that once he has 
gotten to know a man he is likely to 
win that man’s support for his political 
ambitions. This is certainly not true in 
all cases, but it has been true often 
enough so that Kennedy came to the 
convention with a more impressive 
roster of intellectuals actively working 
with him than any other candidate, in- 
cluding Stevenson. 

Kennedy is not likely to win the 
sort of fervid commitment that Steven- 
son appeared to command among the 
intellectual community at large. But he 
would like to at least assuage the re- 


sentment that is now apparent among 
Stevenson supporters. Judging by his 
past performances he is quite likely to 
be more successful than might now ap. 
pear probable. How important such 
support would be may seem doubtful 
after what happened to Stevenson in 
1952 and 1956, but this past experi- 
ence does not prove much, since no one 
knows how much worse Stevenson’s de- 
feat might have been had he not had 
strong support among intellectuals, 
Kennedy obviously believes it will be 
useful to have strong support among 
the intellectuals, and he is likely to win 
it. 


The Kennedy Organization 


Although the Kennedy organization 
is often described as a marvel of ef- 
ficiency, some see it not so much as 
more efficient than its rivals but as 
younger, more energetic, and, above all, 
bigger. It is big and energetic not only 
only because there is money to hire a 
large staff. There have been many 
volunteer workers, mostly young law- 
yers and businessmen and their wives 
and sisters. (Kennedy was the only 
candidate popular enough to be able 
to sell rather than give away his cam- 
paign material: recordings of Frank 
Sinatra singing Kennedy’s theme song, 
a quarter; a booklet on the candidate, 
50 cents; Kennedy hats, $1.00.) The 
heart of the convention operation was 
“the box,” a card file containing the 
names, preferences, and inclinations of 
all of the 3000-odd delegates and alter- 
nates. If the box indicated that a wav- 
ering delegate could be swayed by a 
talk with Schlesinger or Galbraith or 
James M. Burns (a biographer of Ken- 
nedy and Roosevelt), then the delegate 
was quite likely to hear from one of 
these gentlemen. 

Similar attention to detail can be ex- 
pected during the campaign. Men: 
bers of Kennedy’s staff, even before the 
nomination was formally his, had been 
looking into such things as the best 
ways to make use of the Democratic 
Advisory Committees, including the 
science advisory committee headed by 
Ernest C. Pollard, of the Yale bio- 
physics department. The pamphlets 
these advisory committees have pre- 
pared have been widely circulated in 
the academic world, and Kennedy may] 
well ask the committees to prepare 
other pamphlets on issues that develop 
during the campaign. The pamphlets 
already available—on disarmament, 
space, nuclear testing, and so on—will 
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be given even wider circulation than in 
the past. 


All the advisory committees are made | 


up of prominent people (the science ad- 
visory committee includes three Nobel 
prize-winners among its 16 members), 
and the managers of the operation have 
been delighted to find some teachers 
using the material in their courses. 

How much influence the pamphlets 
will actually have on a Kennedy ad- 
ministration is uncertain. But it seems 
obvious that the academic world would 
have a stronger voice in a Kennedy ad- 
ministration than it has had under 
Eisenhower. The same may well be 
true of a Nixon administration, but this 
is less clear, since the recommendations 
of such academic committees tend to 
add up to a program which would re- 
quire a very substantial expansion of 
the role of the federal government and 
of governmental spending. And this is a 
course which to some extent Nixon, and 
to a much larger extent the Republican 
party, finds unacceptable. 

A report from Chicago on the Re- 
publican convention will appear here 
in two weeks.—H.M. 





News Notes 





Medicinal Chemistry Study Group 


A new study section within the Na- 
tional Institutes of Health has been set 
up to evaluate research grant applica- 
tions in medicinal chemistry. The NIH 
announcement said that creation of the 
Medicinal Chemistry Study Section will 
serve to strengthen and emphasize re- 
search grant support related to the 
health sciences of chemotherapy, bio- 
chemistry, enzymology, endocrinology, 
pharmaceutical chemistry, and pharma- 
cology. Applications for support of 
medicinal chemistry research often 
originate in departments of chemistry, 
pharmaceutical chemistry, and pharma- 
cology and are submitted by investiga- 
tors who also have an interest in natural 
products, in the relationship of chemical 
structure to biological activity, or in 
reaction mechanisms underlying biolog- 
ical processes. 

Chairman of the Medicinal Chemis- 
try Study Section is Norman H. Crom- 
well, department of chemistry, Univer- 
sity of Nebraska. The study section is 
composed of nongovernmental scien- 
tists in the fields of chemistry, pharma- 
ceutical chemistry, and pharmacology. 
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Nutrition Study in Colombia 


At the request of the Government 
of the Republic of Colombia, a team 
of United States nutrition experts a 
month ago began a survey of the nutri- 
tional status of the Colombian people, 
the U.S. Public Health Service recently 
announced. The study was arranged by 
the Interdepartmental Committee on 
Nutrition for National Defense. 

Walter G. Unglaub of the Tulane 
University School of Medicine, New 
Orleans, is head of the team of clini- 
cians, biochemists, nutritionists, den- 
tists, food technologists, and others 
who, together with Colombian person- 
nel, are examining large sections of the 
civilian and military population to ob- 
tain information on current nutritional 
conditions. The team will formulate 
recommendations for nutritional im- 
provement consistent with Colombia’s 
resources and will provide assistance in 
the development of standard ration re- 
quirements and in the establishment of 
local nutrition services. 

Laboratory equipment has _ been 
shipped to Bogota. At the conclusion of 
the study, the equipment will be given 
to the Colombian Government, under 
provisions of the Mutual Assistance 
Program, for use in operating perma- 
nent nutrition services. 

The interdepartmental ccimmittee, op- 
erating administratively through the Na- 
tional Institute of Arthritis and Meta- 
bolic Diseases, is headed by Frank B. 
Berry, assistant secretary of defense, 
with Arnold E. Schaefer as executive 
director. Cooperating U.S. agencies in- 
clude the International Cooperation 
Administration and the Departments of 
State; Health, Education, and Welfare; 
Defense; and Agriculture. 


Dartmouth Plans Convocation 


A public convocation on “The Great 
Issues of Conscience in Modern Medi- 
cine” will be held in Hanover, N.H., 
8-10 September. Rene Dubos will serve 
as chairman of the convocation, and 
other participants will include Mahome- 
dali Currim Chagla (Indian ambassador 
to the United States and Mexico), Al- 
dous Huxley, Sir Charles Snow, Sir 
George Pickering, Warren Weaver, 
George Kistiakowsky, Walsh McDer- 
mott, Brock Chisholm, Ralph Gerard, 
Wilder Penfield, and Sandor Rado. 

The convocation, which will be of 
interest to the layman, will consist of 


three panel discussions and four major 
addresses. Ward Darley, executive di- 
rector of the Association of American 
Medical Colleges, will speak at the 
cornerstone ceremony for Daritmouth’s 
new $3.5 million medical sciences build- 
ing. 

The public is cordially invited. Ar- 
rangements for lodging and meals may 
be made through the Convocation Of- 
fice, Dartmouth Medical School, Han- 
over, N.H. 


Science Museum Proposed 


Shortly before the Congress re- 
cessed a bill to provide for the con- 
struction of a permanent museum of 
science and industry at the New York 
World’s Fair in 1964 was introduced 
by Representative Seymour Halpern 
(R.-N.Y.). The bill (H.R. 12729) 
would authorize the federal government 
to erect a world center for the exhibi- 
tion of scientific achievements, with the 
help of contributions from the state of 
New York, the city of New York, and 
private sources. 

The museum would be a part of the 
federal government’s participation in 
the fair, but it would remain a perma- 
nent center of international science and 
invention, operated by an nonprofit or- 
ganization. Its collection would be 
modern, not historic, except insofar as 
historical background is essential to ex- 
plain an exhibit. A chief purpose of the 
museum would be to make available 
traveling exhibits for international cir- 
culation. 

A 26-member advisory panel of 
scientists, engineers, and museum plan- 
ners and administrators would be cre- 
ated to assist in the design and construc- 
tion of the museum. 


Founders’ Committe Active 


Representatives of the following or- 
ganizations have been active on the 
Founders’ Committee for the museum: 
New York Board of Education, Busi- 
ness-Industry Committee of the Na- 
tional Science Teachers Association, 
American Institute of the City of New 
York, Engineers Joint Council, Ameri- 
can Rocket Society, New York City 
Council of the National Education As- 
sociation, United Engineering Center 
Project, National Foundation for In- 
fantile Paralysis, New York University, 
City College of New York, Queens 
College, Brooklyn College, Hunter Col- 
lege, Teachers College at Columbia 
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University, New York City and Bronx 
Community Colleges, and Cooper 
Union. 

Among individuals who have been 
working on the committee is George E. 
Probst, executive director of the 
Thomas Alva Edison Foundation. Al- 
bert E. Parr, senior scientist at the 
American Museum of Natural History, 
has been serving as adviser to the com- 
mittee. 





Transiation Program 


The American Institute of Biological 
Sciences is translating and publishing 
seven Russian research journals in bi- 
ology. This work is supported by the 
National Science Foundation, which is 
eager that the translated material be 
more widely distributed to biologists 
throughout the world to aid research, to 
prevent duplication of work, to give 
some idea of Soviet activity in biology, 
and also to bring about better interna- 
tional understanding among scientists. 

Because of the NSF support, the 
AIBS can offer these translations at 
a fraction of their publication cost, 
with even further price reduction to 
AIBS members and to academic and 
nonprofit libraries. The journals being 
translated are Doklady—Biological 
Sciences Section; Doklady—Botanical 
Sciences Section; Doklady—Biochemis- 
try Section; Plant Physiology; Micro- 
biology; Soviet Soil Science; and the 
Entomological Review. 

In addition, the AIBS has instituted 
a separate program of translation and 
publication of selected Russian mono- 
graphs in biology. So far six mono- 
graphs have been released, and another 
is in preparation. 

Additional information may be ob- 
tained by writing to the American In- 
stitute of Biological Sciences, 2000 P 
St., NW, Washington 6, D.C. 


News Briefs 


Phoenician colony found. The re- 
mains of an early Phoenician colony 
have just been found under the ruins of 
a monumental Roman city. The arch- 
eological discovery, at Leptis Magna on 
the North African coast, has been made 
by members of the Libyan Recon- 
naissance Expedition of the University 
of Pennsylvania Museum. Leptis Magna 
is about 75 miles east of Tripoli, in Lib- 
ya. 

Previous traces of the Punic culture 
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at Liptis Magna were found in graves 
under a great Roman theater. These dis- 
coveries were made several years ago 
by British archeologists. 

* ok * 

Biophysics congress. An International 
Congress of Biophysics will be held in 
Stockholm, 31 July-4 August 1961. 
Participants may include members of 
national societies of biophysics, medical 
physics, and related fields, and other 
scientists interested in pure and applied 
biophysics, The meeting will be divided 
between a series of symposia devoted 
to special topics in biophysics and to 
presentations of a number of contrib- 
uted papers. Further information may 
be obtained from Dr. Bo Lindstrém at 
the Department of Medical Physics, 
Karolinska Institutet, Stockholm 60, 
Sweden. 

* * * 

Memorial Fund. An Eric Ellenbogen 
Memorial Fund has been created by 
friends of the late associate professor 
of biochemistry at the University of 
Pittsburgh. The fund will be used 
primarily for the education of Ellen- 
bogen’s children. Contributions should 
be addressed to Mrs. Maria Fuld-Con- 
derman, 4916 Bayard Street, Pittsburgh 
13, Pa. 

bo * * 

Physics education. Approximately 100 
delegates and observers from 27 coun- 
tries will take part in the first Interna- 
tional Conference on Physics Educa- 
tion, which will be held at UNESCO 
House in Paris from 28 July through 
4 August. Sanborn C. Brown of the 
Massachusetts Institute of Technology 
is chairman of the organizing committee 
that planned the meeting. Sessions will 
cover the entire range of education in 
physics, from secondary school through 
graduate study. 

* * & 

Weather satellite. The weather satel- 
lite Tiros I has reached the end of its 
operating lifetime after transmitting 22,- 
952 film-strip frames since it was 
launched on 1 April. The National 
Aeronautics and Space Administration’s 
270-pound vehicle, orbiting at altitudes 
averaging 450 miles, has given meteo- 
rologists unprecedented opportunity to 
study the earth’s cloud cover and relate 
it to our weather. 

Scientists of the U.S. Weather Bureau 
and other cooperating meteorological 
groups wiil be analyzing Tiros data 
for many months to come. The data 
already studied have been of great 
significance to the field of meteorologi- 
cal research, 


Grants, Fellowships, and Awards 


Endocrinology. The University of 
Wisconsin Graduate School has initiated 
a postdoctoral training program in en- 
docrinology. The training consists of 
an integrated program of laboratory re- 
search, seminars, colloquia, workshops, 
and teaching. Candidates for the pro- 
gram will be chosen on the basis of 
professional promise and career in- 
terest. Appointments carry a_ yearly 
stipend of $6500. Requests for applica- 
tions should be directed to W. H. Mec- 
Shan, Birge Hall, University of Wiscon- 
sin, Madison 6. 

Geography. The National Academy 
of Sciences—National Research Council 
will conduct, in 1961, its sixth Foreign 
Field Research Program for American 
geographers. The program includes all 
branches of geography as well as close- 
ly related fields. Applications in the 
fields of physical geography are spe- 
cially encouraged. 

The program is designed primarily 
for graduate students working on doc- 
toral dissertation research, but recent 
recipients of the doctorate are also 
eligible. 

Financial assistance, which varies ac- 
cording to the project, will provide for 
travel, field, and living expenses; a 
stipend is not usually provided. A pre- 
ference will be shown for field investiga- 
tions of at least six months’ duration. 
Recipients must submit a detailed re- 
port of their field investigations. Ap- 
plications for field work to be initiated 
before 1 April 1962 must be submitted 
before 1 December 1960. Inquiries and 
applications should be addressed to the 
Foreign Field Research Program, Divi- 
sion of Earth Sciences, NAS-—NRC, 
2101 Constitution Avenue, NW, Wash- 
ington 25, D.C. 

Travel. As a result of the joint ef: 
forts of the American Society of Bio- 
logical Chemists and the Division of 
Biological Chemistry of the American 
Chemical Society, it is expected that 
substantial funds will be available from 
various governmental sources for sup- 
port of travel of a number of qualified 
biochemists to the 5th International 
Congress of Biochemistry, to be held in 
Moscow, 10-16 August 1961. These 
funds will be available for use without 
restrictions as to age. 

In addition, approximately $9000, 
raised by assessment of members of the 
two societies, is available for support 
of young American biochemists who 
wish to attend this congress. 

Application forms are available from 
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the Travel Awards Committee, 5th In- 
ternational Congress of Biochemistry, 
9650 Wisconsin Ave., Washington 4, 
D.C. Completed application forms must 
be submitted by J October 1960. 


Scientists in the News 


Bernard Lovell, director of the 
Jodrell Bank Experimental Station, 
Jodrell Bank, England, has been hon- 
ored for his services in connection with 
the American deep space probe, Pio- 
neer V. On 14 July he was received by 
President Eisenhower at the White 
House, where, through the National 
Aeronautics and Space Administration, 
he was presented with a music-box 
model of Pioneer V. A chart showing 
how Lovell and his staff have tracked 
the satellite for 23 million miles through 
space was prepared by NASA for the 
President. 


The University of Puerto Rico has 
announced the appointment of John C, 
Bugher as director of the Puerto Rico 
Nuclear Center, which is operated by 
the university for the U.S. Atomic 
Energy Commission. Bugher joins the 
center from the Rockefeller Founda- 
tion, where he has been serving as con- 
sultant on nuclear energy affairs. He is 
a former director of the AEC’s Division 
of Biology and Medicine and at present 
is chairman of the commission’s Ad- 
visory Committee for Biology and 
Medicine. 

The Puerto Rico Nuclear Center was 
established in 1957 as part of the 
United States’ Atoms-for-Peace pro- 
gram, and its work is conducted in 
both Spanish and English. The Center’s 
programs, open to students from any 
part of the Americas, include training 
and related research in the application 
of nuclear energy in the fields of 
medicine, agriculture, and the biologi- 
cal and physical sciences. 


E. L. Reynolds, research associate 
and head of the physical growth depart- 
ment at the Fels Research Institute, 
Antioch College, has a year’s appoint- 
ment as guest professor of anthropology 
at Hiroshima Jogakuin (Women’s Col- 
lege), Hiroshima, Japan. 


Clifton C. Doak, chairman of the 
biology department of the Agricultural 
and Mechanical College of Texas, has 
been appointed to head the department 
of biology at Trinity University, San 
Antonio, Tex. 
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Thomas N. Blumer, research scientist 
and professor in the department of 
animal industry of North Carolina State 
College, Raleigh, is the recipient of the 
1960 Frank C. Vibrans Senior Scientist 
Award of the American Meat Institute 
Foundation. The award was established 
to permit a scientist, selected because 
of his outstanding record in research 
and teaching, to work during the sum- 
mer months in the foundation’s lab- 
oratories in Chicago. 


Mac V. Edds, Jr., became chairman 
of the department of biology at Brown 
University following the retirement 
from that position of J. Walter Wilson 
on 30 June. Wilson will remain active 
as the Frank L. Day professor of 
biology. 


S. D. S. Spragg, professor of psychol- 
ogy at the University of Rochester, has 
been appointed chairman of the univer- 
sity’s department of psychology. He 
succeeds G. Richard Wendt, who has 
been chairman since 1945 and who will 
continue his teaching and research 
activities. 


Gioacchino Failla, professor of radi- 
ology at Columbia University’s College 
of Physicians and Surgeons, has re- 
tired, as professor emeritus. After 
spending the summer at the Marine 
Biological Laboratory, Failla will join 
the Division of Radiological Physics of 
Argonne National Laboratory in the 
capacity of senior physicist emeritus. 


D. Franklin Milam, chief of the di- 
vision of urology at Charleston (W. 
Va.) General Hospital, has been ap- 
pointed associate professor of urology 
at West Virginia University, Morgan- 
town. 


Douglas H. K. Lee, former chief of 
the research program of the Army 
Quartermaster Corps, is now chief of 
the research headquarters of the Oc- 
cupational Health Program of the De- 
partment of Health, Education, and 
Welfare, at Cincinnati, Ohio. 


Geoffrey Edsall, director of the Divi- 
sion of Communicable Diseases at the 
Walter Reed Army Institute of Re- 
search, Washington, has been appointed 
superintendent of the Institute of Lab- 
oratories for the Commonwealth of 
Massachusetts and professor of applied 
microbiology at the Harvard School of 
Public Health. He succeeds Johannes 
Ipsen, who resigned on 1 July to ac- 


cept the post of professor of epidemiol- 
ogy and medical statistics at the Univer- 
sity of Pennsylvania School of Medi- 
cine. 


The following. members of the U.S. 
Geological Survey have received dis- 
tinguished service awards, the highest 
honor conferred on employes of the 
Department of the Interior: Charles A. 
Anderson, Arthur A. Baker, Robert H. 
Lyddan, John C. Reed, Robert L. Mora- 
vetz, all from the D.C. area; Robert O. 
Davis, Palo Alto, Calif.; and Eugene 
H. Herrick, Rangeley, Me. 


Herbert McKennis, Jr., professor of 
pharmacology at the Medical College of 
Virginia, is visiting professor at the 
Instituto de Fisiologia in Santiago, 
Chile, until September. He is giving a 
series of lectures on special topics in 
chemical biology in the school of 
graduate studies of the medical school 
at the University of Chile. 


Robert B. Voight, chief of the Field 
Division of the Bureau of the Census, 
Washington, D.C., became assistant to 
the director of the University of Michi- 
gan’s Institute for Social Research on 
1 July. 


The U.S. Department of Agriculture 
has conferred Distinguished Service 
Awards on the following. 

Henry L. Ahlgren, director, Wiscon- 
sin Extension Service. 

Edward C. Crafts, assistant chief, 
Forest Service. 

Gladys G. Gallup, director, Exten- 
sion Research and Training. 

Herbert L. J. Haller, assistant to the 
administrator, Agricultural Research 
Service. 

Edward F. Knipling, director, En- 
tomology Research Division. 

William D. Termohlen, retired agri- 
cultural attaché to Japan. 

Harry C. Trelogan, assistant adminis- 
trator, Agricultural Marketing Service. 


Nicholas V. Feodoroff, of the School 
of Engineering of Manhattan College 
in New York, lectured on the hy- 
draulics of broad-crested weirs at the 
Technological University in Delft, Hol- 
land, during June. 


Martin Lessen, professor of applied 
mechanics and chairman of the Divi- 
sion of Engineering Mechanics at the 
University of Pennsylvania, will be- 
come chairman of the mechanical 
engineering department of the Univer- 
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sity of Rochester in September. Helmut 
D. Weymann, assistant research profes- 
sor at the Institute for Fluid Dynamics 
and Applied Mathematics of the Uni- 
versity of Maryland, has been named 
associate professor of mechanical en- 
gineering at Rochester. 


John Gordon Torrey, associate pro- 
fessor of botany at the University of 
California, Berkeley, became professor 
of botany at Harvard University on 1 
July. 


Allan M. Butler and Felix G. Fleisch- 
ner will retire from the faculty of medi- 
cine and from their hospital positions 
at Harvard University, on 31 August. 
Butler, chief of the Children’s Medical 
Service at Massachusetts General Hos- 
pital, will become professor of pediat- 
rics, emeritus; Fleischner, radiologist- 
in-chief at the Beth Israel Hospital, will 
become clinical professor of radiology, 
emeritus. 


Six specialists in polar exploration 
and research shared the first incentive 
award of the National Science Founda- 
tion. The award was made to the fol- 
lowing in recognition of their efforts in 
administering the foundation’s post- 
IGY program in the Antarctic. 

Henry S. Francis, Jr., executive as- 
sistant to the chief scientist, Antarctic 
Research Program. 

Thomas O. Jones, head of the chem- 
istry department of Haverford College, 
Haverford, Pa. 

Kendall N. Moulton, administrator 
in the Antarctic for the foundation and 
for the Polar Operations Project of the 
U.S. Weather Bureau. 

Philip M. Smith, foundation repre- 
sentative on the Bellinghausen Sea 
penetration by Navy ships in the Ant- 
arctic. 

George R. Toney, program officer 
with the U.S. National Committee for 
the IGY. 

Mortimer D. Turner, geological re- 
searcher and scientific program planner 
for antarctic research. 


Gustave J. Dammin, professor of 
pathology at the Harvard Medical 
School and director of the commission 
on parasitic diseases of the Armed 
Forces Epidemiological Board, became 
president of the board on i July. Harry 
Most, professor and chairman of the 
department of preventive medicine of 
New York University’s School of Medi- 
cine succeeded him as director of the 
commission. 
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Robert W. Can, a metallurgist at 
the University of Birmingham (Eng- 
land), has been named visiting profes- 
sor of physics at Temple University, 
Philadelphia. Cahn will conduct a semi- 
nar for graduate students and will also 
collaborate with Ralph Feder, research 
physicist at Frankford Arsenal’s Pit- 
man-Dunn Laboratories, on a metal al- 
loy project. 


Edwin E. Moise, professor of mathe- 
matics at the University of Michigan, 
has been appointed the James Bryant 
Conant professor of education and 
mathematics at Harvard University. 


Rudolph L. Minkowski, astronomer 
at Mt. Wilson and Palomar observa- 
tories, retired on 1 July after 25 years 
as a member of the two staffs. His re- 
cent research has centered on attempts 
to locate optically objects in space that 
emit radio waves. Minkowski, who had 
over-all charge of the Palomar Sky Sur- 
vey, is a member of the National 
Academy of Sciences. In the fall he 
will be visiting professor of astronomy 
at the University of Wisconsin, Madi- 
son. 


Henry W. Harris, chief of medical 
service at the Veterans Administration 
Hospital in Salt Lake City, will become 
professor and chairman of the depart- 
ment of medicine at the Women’s Medi- 
cal College of Pennsylvania on 1 Sep- 
tember. 


George P. Vennart, assistant profes- 
sor of pathology at Columbia Univer- 
sity, is now associate professor of pa- 
thology in the School of Medicine of 
the University of North Carolina. 


Ralph M. Dreger, director of the 
Duval County (Fla.) Child Guidance 
and Speech Correction Clinic, has been 
named professor of psychology at Jack- 
sonville University. 


Chauncey G. Goodchild, parasitol- 
Ogist and chairman of the department 
of biology at Emory University in 
Atlanta, has been appointed Charles 
Howard Candler professor of biology 
at Emory. 


Frank H. Westheimer, organic chem- 
ist and chairman of the chemistry de- 
partment at Harvard University, be- 
came Morris Loeb professor of chem- 
istry on 1 July. Westheimer succeeded 
R. B. Woodward, who has been named 
Donner professor of science. 





Henry %. cinford, professor of 
chemical engineering at Columbia Uni- 
versity, has been named to receive the 
1960 Edward Goodrich Acheson gold 
medal and $1000 prize of the Electro- 
chemical Society. 


Douglas M. Surgenor, assistant pro- 
fessor of biological chemistry at Har- 
vard Medical School, has been ap- 
pointed professor and head of the de- 
partment of biochemistry at the School 
of Medicine, University of Buffalo. 


Esther M. Conwell, physicist at the 
General Telephone and _ Electronics 
Laboratories in Bayside, N.Y., received 
the achievement award of the Society 
of Women Engineers at its 1960 con- 
vention in Seattle. She was cited for her 
solid-state research, which began in 
1943 when she worked out the theory 
of scattering of electrons by ionized 
impurities with Victor F. Weiskopf. 


Recent Deaths 


Hal T. Beans, Palisades, N.J.; 83; 
professor emeritus of chemistry at 
Columbia University; 8 July. 

Hugh H. Bennett, Burlington, N.C.; 
79; former chief of the U.S. Soil Con- 
servation Service; conservation pioneer 
who retired in 1952 after 50 years of 
government service; 7 July. 

James E. Church, Reno, Nev.; 90; 
internationally known meteorologist and 
professor at the University of Nevada; 
originator of snow survey techniques 
and the inventor of the snow sampler; 
late 1959. 

Carroll E. Cox, College Park, Md.; 
49; professor of plant pathology, de- 
partment of botany, University of 
Maryland; researcher and writer on the 
mechanism of action of fungicides; 24 
June. 

Eric Ellenbogen, Marseilles, France; 
39; associate professor of biochemistry 
in the Graduate School of Public 
Health, University of Pittsburgh; on 
leave, 1959-60, to conduct polypeptide 
research at the Weizmann Institute, 
Rehovoth, Israel; 29 May. 

Wilfred H. Manwaring, Palo Alto, 
Calif.; 88; professor emeritus of bac- 
teriology and experimental pathology 
at the Stanford University School of 
Medicine; 3 July. 


Erratum: In column 1 of Table 1 of the re- 
port “Osmotic pressure and aqueous humor for- 
mation in dogfish” by R. F. Doolittle, C. Thomas, 
and W. Stone, Jr. [Science 132, 36 (1960)], the 
parenthetical statement after osmotic pressure 
should have been milliosmoles instead of mm-Hg. 
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1600 Pennsylvania Avenue. Presidents 
and the people, 1929-1959. Walter 
Johnson. Little, Brown, Boston, 
Mass., 1960. x + 390 pp. $6. 

Presidential Power. The politics of lead- 
ership. Richard E. Neustadt. Wiley, 
New York, 1960. xii + 224 pp. $5.95. 

The President’s Cabinet. An analysis in 
the period from Wilson to Eisen- 
hower. Richard F. Fenno, Jr., Har- 
vard University Press , Cambridge, 
Mass., 1959. xii + 327 pp. $5.50. 

Facts about the Presidents. A compila- 
tion of biographical and historical 
data. Joseph Nathan Kane. H. W. 
Wilson, New York, 1959. 348 pp. $6. 


It is probable that we in the United 
States are at the beginning of a serious 
debate concerning the structure and 
functions of our government. It is quite 
clear—even if nothing else is—from the 
development of the discussion so far, 
that none of its branches is satisfactorily 
organized for proper functioning. The 
bland assertion by politicians, who are 
more declarative than informed, that it 
is the greatest government on earth and 
so on and so on, is denied by every care- 
ful study that is published. We have be- 
fore us here several of these studies. No 
one can read them with any care and 
continue to be complacent about the 
situation. 

It is natural, this being a Presidential 
year, that political scientists and pub- 
lishers should have arranged their sched- 
ules so that the current books—and ar- 
ticles—should capitalize on the interest 
incident to the election. So far this year, 
I have counted no less than a dozen 
books, and even more articles, dealing 
with the Presidency. Those which are 
not merely eye-catchers express a deep 
concern about the state of the Presi- 
dency. But it is evident that this is part 
of a larger uneasiness about the whole 
system subjected to the pressures of the 
atomic age. 

The Presidency, as its assessors look 
back over the years, has had, cut of 
33 different incumbents, not more than 
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six or seven who are rated now as being 
really competent for the duties of the 
office. [See L. Koenig, coauthor with 
E. S. Corwin of The Presidency Today 
(New York University Press, 1956), 
whose latest book, The Invisible Presi- 
dency (Rinehart, 1959), is an account of 
several of the most notable “Kitchen 
Cabinets” and confidential agents, in- 
cluding those of President Eisenhower.] 
This is a frightening fact. The possibility 
that some crisis may find in the White 
House another such as Buchanan, who 
was there when the nation was splitting 
in two, is all too likely. This points to a 
selection process that must be defective. 

But there is also the fact that the na- 
tion is now several times larger than it 
was in 1860, and many times more 
complex. Also, its relations with other 
powers are infinitely more delicate. It 
has assumed vast responsibilities for 
productive facilities, for the welfare of 
its citizens, and for the security of other 
noncommunist nations. And the Presi- 
dent is looked to as the chief counsellor 
in all these matters. That any one man 
can accomplish all that the Presidency 
is supposed to be responsible for in 
these times is altogether beyond reason. 
And the truth is that he does not ac- 
complish it satisfactorily. Many of his 
duties are delegated to nonelected offi- 
cials, many have gone to so-called in- 
dependent agencies which have no place 
whatever in the American constitutional 
system, and, unhappily, many are neg- 
lected or lost in the bureaucratic com- 
plexity of the expanded office. That of- 
fice has grown from one of a few hun- 
dred members, 20 years ago, to one 
of several thousand members—uncount- 
able exactly because many of them are 
loans from the Departments, and be- 
cause many duties that belong to the 
office are often shunted to the Depart- 
ments themselves. 

Before going on to consider the Presi- 
dency itself, let me say that the other 
branches are, if we read the critical lit- 
erature, in no better case. The Congress 
has consented to a good deal of Execu- 


tive reform, but it has not been willing 
to seek reform itself. And when it has 
made a gesture toward change—for ex- 
ample, in the La Follette-Monroney 
Act of 1946—the provisions made into 
law have been’ almost completely 
ignored by succeeding legislatures. The 
faults complained of by Woodrow Wil- 
son have not been overcome. Commit- 
tees are still in control; their powerful 
leading members can smother legisla- 
tion almost without check, and their in- 
vestigative procedures often come under 
severe criticism. But the most serious 
failure is that of leadership. It is prac- 
tically impossible for a program to orig- 
inate in the legislative branch; and the 
tendency to resist those originating in 
the Executive, bad enough at any time, 
is made worse when, as has so often 
been the case in late years, the Execu- 
tive belongs to one party and the con- 
gressional majority to another. 

The indictment extends to the third 
branch, the Judiciary. The Supreme 
Court has proceeded more and more 
boldly—most boldly of all (which seems 
something of a paradox) when there 
has been a “liberal” majority—to usurp 
the law-making function. Sanctioning, 
as it has, the intrusion into the govern- 
mental structure of the independent 
agencies, it has proceeded to make these 
agencies responsible to the Court by 
refusing the President the right to dis- 
miss those he appoints but retaining for 
itself the right to approve or disapprove 
agency decisions. It has made judicial 
review into a principle upon which judi- 
cial supremacy has been built. And this 
astounding tour de force is no longer 
questioned by those that it most effects. 
Most astounding of all, the Court had 
the audacity to tell President Truman 
what constituted the Doctrine of Neces- 
sity. He allowed himself to be instructed 
in the steel seizure instance (1952). 
And from now on no President will 
know what he may and may not do 
when the nation is confronted with 
crisis or disaster. 

All this is not as dangerous to de- 
mocracy, perhaps, as the critics insist. 
The nation has not succumbed either to 
governmental confusion or to dangers 
from without. And there is a certain 
virtue in passing through a period of 
failure and self-doubt, such as the pres- 
ent, if it results in soul-searching and, 
in the end, reasoned reform. The stric- 
tures of the political scientists, more- 
over, are turning from negutive criti- 
cisms to positive suggestions. They have 
not yet become very bold in constitu- 
tional terms, but that would seem to be 
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the next turn of the debate now going 
on. It may be that, despite appearances, 
revisions will antedate the crisis that 
would result in breakdown. 

The present focus on the Presidency 
has resulted in the books before us. 
Walter Johnson writes a history of re- 
cent times with the focus on the Presi- 
dency as the center of policy making; 
Richard Fenno writes of the President 
and his Cabinet; Richard Neustadt anal- 
yses the Presidential power together 
with the politics of leadership; and 
Joseph Kane furnishes a rich display 
of data from which we can learn what 
past Presidents have been like. 

Johnson’s 1600 Pennsylvania Avenue 
is a historian’s, rather than a political 
scientist’s, view of the Presidency. Char- 
acteristically, he considers the events of 
three Administrations—Roosevelt, Tru- 
man, and Eisenhower, with looks back- 
ward at that of Hoover—for the lessons 
to be learned. He finds that Roosevelt 
and Truman accomplished much, that 
Hoover floundered, and that Eisenhower 
has almost a genius for missing his op- 
portunities. But Roosevelt had a tend- 
ency, he says, to deviousness, and Tru- 
man never lost the traits of the county 
politician. These are judgments about 
the Presidents themselves. But his in- 
terest does not extend to questioning the 
adequacy of the office itself or of the 
system of which it is part. He is, in other 
words content to review the achieve- 
ment of each, measured by the immense 
demands of the times in which he lived. 
It is true that these were times of trans- 
formation and that during some of the 
crises incident to the times the occu- 
pant of the White House seemed caught 
up in cyclonic winds far beyond his 
power to subdue. But it is still possible 
to make some estimate of their effort, 
and that is what Johnson has done. As a 
historian, he is sometimes more inter- 
ested in the events themselves than in 
the President about whom the events 
centered, but the only criticism to be 
made of this preoccupation is that he 
chose to call his book by a title that 
seems to indicate that it is about the 
Presidency. His brief history of some 30 
years is that of one who lived through 
and had some part in the years, and that 
of one, too, who has a facility for sum- 
marization and exposition. 1600 Penn- 
sylvania Avenue was the scene of dra- 
matic decisions, the center of national 
management; but whether its decisions 
could have been more wisely made or 
whether its affairs could have been bet- 
ter managed, we do not learn. 

Something about this emerges from 
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Fenno’s study of the Cabinet. Anyone 
who goes seriously into the situation of 
this body in the American governmental 
system is certain to emerge more sophis- 
ticated but also more despairing than 
when he began. Fenno is no exception. 
He does, however, recognize that he is 
dealing not just with the relationship of 
a group of men to their chief and with 
ways to organize that relationship more 
effectively. His main concern has to be 
with some fundamentals such as whether 
the President is to be made stronger or 
weaker, whether the government itself 
is to move toward unity or is to keep its 
essentially pluralistic character, whether 
administrative management or policy 
making is the first Presidential duty. 

In a sense the Cabinet has no exist- 
ence; in another it has to be recognized 
as a persistent institution. It has no con- 
stitutional authorization; it is completely 
subordinate to the President, since all its 
members are his heads of Departments, 
and he is after all, Chief Executive. 
But the Congress has always designated 
Department heads for duties independ- 
ent of Presidential control, and the tend- 
dency to do this has not lessened in re- 
cent years. Therefore when the Cabinet 
members are used as a Council for ad- 
vice, the President has around his table 
a group some of whom may be disposed 
not to take directions from him even in 
administrative matters. Their feeling of 
independence, because they are the rep- 
resentatives in government of vast in- 
terests—finance, agriculture, labor, busi- 
ness, and so on—may outweigh the 
loyalty that the President may expect 
of them. 

This is not true—or is much less true 
—of two of their number, the Secretary 
of State and the Attorney General. 
These are, by their situation, closely 
identified with the President. The others 
have demanding administrative duties 
which make it impossible for them to 
become well informed about matters 
outside their own provinces, and their 
ties to special interests very often lessen 
their value as advisers. As a matter of 
fact, it has sometimes been suggested 
that of all possible groups of men, these 
Department heads, with the two excep- 
tions, are the least likely to give the 
President good counsel. 

Cabinet meetings have a tendency to 
become very nearly farcical. Matters of 
high concern are seldom discussed be- 
cause the number of people is too large 
for intimacy and because so many with 
no special competence are present; mat- 
ters of departmental concern are not 
spoken of because Secretaries dislike 





sharing their troubles with other offi- 
ciais. Still it always seems to be a com- 
forting assumption that the President is 
surrounded by statesmen of high caliber, 
who will give his decisions weight and 
certainty. However many disclosures are 
made showing that the fact is otherwise, 
the myth persists. Presidents, realizing 
that Cabinet meetings are so often a 
costly waste of time, have in at least 
two instances attempted to discontinue 
them altogether, and in many others 
have reduced their frequency. But pub- 
lic disapproval has always had to be 
taken into account, and more or less 
regular meetings have been kept up. 

Political scientists have treated this 
governmental anomaly with caution. 
None, I believe, has advocated discon- 
tinuance of its advisory function, but 
some have suggested a series of sub 
cabinet organizations of a more nearly 
functional nature. Still others, sharing 
the public feeling that there ought to 
be a Presidential Council, have wanted 
to establish a special Cabinet secretariat 
with the duty of regularizing and up- 
grading the advisory function. This 
seemed to President Eisenhower, with 
his military background, a necessary 
change, and it was made. 

It has not been successful. No amount 
of briefing or following-up could 
make Cabinet members wiser than they 
were before; neither could it reduce the 
work load of the Departments. Further, 
it could not change their desire to have 
private talks with the President himself, 
rather than with a large group. The 
whole matter will again be open for 
recasting by the next President. 

All this is fully and adequately gone 
into by Fenno. To sharpen several of 
the problems, he has related illustra- 
tive incidents. There are many accounts 
of these meetings available in the notes 
of those attending them. Sometimes they 
have been recounted by several partici- 
pants. They are amazingly uniform in 
their deprecation of the Council idea. 
But it still persists. 

For a candid account of a most elu- 
sive subject, seldom before approached 
with such extensive use of anthropologi- 
cal and psychological critiques, political 
science is indebted to the author. 

Neustadt’s study is directed to a quite 
different problem. He is interested in 
what a President must do to be success- 
ful in the circumstances of the present. 
He is concerned that so much depends 
on the expertness of the one man who 
disposes of the Presidential power. Here 
again, there is in operation a powerful 


myth which is respected even by those’ 
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who know it for what it is. Americans 
elect Presidents in political campaigns 
which are heated partisan battles, and 
the man who is elected is recognized as 
the head of his party. Yet he is expected 
instantly, once he is inaugurated, to be 
“above politics.” It is elementary that 
it cannot be had both ways; yet every 
President strains to make the impossible 
straddle. Some convey the impression 
that they have thus risen above their 
origins; but if they actually have made 
such an attempt, they almost certainly 
have lost the power to lead. They can- 
not exert the discipline needed by the 
amorphous and often rebellious Con- 
gress without the use of party means. 
And if they do not lead, they disappoint 
the expectations of the electorate and 
fade into history as failures. 

Using the experience of recent Pres- 
idents, Neustadt illustrates the Presi- 
dential requirements and shows how 
very difficult it is to find an individual 
who can meet them. Such an individual 
is something of a clerk, which is to 
say that he must work within an ela- 
borate apparatus that can be expected 
to have an almost immovable inertia; 
yet he must try to find the means to 
move it. He does not have a separated 
power; he has a shared power; and the 
sharing is almost the most important 
characteristic of his office. Yet he can, 
if, as Woodrow Wilson said, he is man 
enough, find the leverage to alter the 
course of events, furthering, as he must 
believe, the best interests of the nation 
of which he is the head and symbol. So 
Mr. Eisenhower may be a Republican, 
he may be strongly disapproved of by 
mary Americans for one or another 
reason, and he may be made the subject 
of caustic comment. But when the 
head of another State ridicules him, the 
outrage that seizes Americans is explo- 
sive. He is their man. 

It is this potential support that a 
President must know how to gather and 
dispose for the nation’s good. This is 
his central duty. But there have been 
many Presidents who have not known 
how to perform it, and it is a matter for 
despair to suggest any reasonable way 
of choosing individuals who will be so 
gifted. 

If the last few Administrations are 
examined, as Neustadt examines them, 
none provides a perfect case of Presi- 
dential competence. But there are in- 
stances of remarkable success as well as 
others of abysmal failure. The suc- 
cesses, like the failures, are almost 
frighteningly connected with personal 
circumstances. Roosevelt was superb in 


22 JULY 1960 


the first days of the New Deal, but in 
1937 he handled the Supreme Court 
battle as though he had never learned 
anything about leadership in a democ- 
racy. Eisenhower’s indifferences to 
many problems has seemed to originate 
in a tiredness which grew as his time in 
office lengthened. Truman’s Marshall 
Plan and Point Four programs were 
vigorous examples of leadership, but he 
allowed relations with the Soviet Union 
to fall into the state where exchanges 
became hardly more than slanging 
matches that went on for weary year 
after weary year while the crisis of 
atomic armament deepened. 

We are led, although this is to go 
beyond the Neustadt suggestions, to ask 
whether something more drastic is not 
needed. That the President may be a 
hero to his people does not make it less 
likely that he will fail because he can- 
not do all that is expected of him. For 
almost a generation now, the attempts 
to bolster his performance with admin- 
istrative aids have been the favored ap- 
proach to the admittedly serious prob- 
lem. This elaboration of machinery has 
tended to conceal the essential truth 
that a President cannot be changed by 
assistance. He can be aided by it, but 
it will not make him any wiser. It will 
not change the fact that he is one single, 
often elderly, individual and that he is 
sometimes tired or ill. 

A book which is thoughtful and con- 
siderate, as Neustadt’s is, makes the 
conclusion almost inevitable that we 
have been looking in the wrong direc- 
tion, trying the wrong remedies, and 
that presently we shall need to re-ex- 
amine our situation in much the same 
way as it was re-examined in Philadel- 
phia in 1787. When we do, we are not 
likely to conclude that, for modern 
America, the institutions of a small 
emerging seacoast power are altogether 
adequate, more than a century and a 
half later, for a continental nation. In- 
deed, if the proceedings are conducted 
in the spirit of the Convention we are 
certain to find the institutions insuffi- 
cient, just as the forefathers found the 
ones they were revising insufficient. 

As a kind of addendum here, of in- 
terest to those who are finding them- 
selves at a loss for many of the facts 
needed to judge how the Presidency has 
served us, and who wonder what the 
uniformities are in the processes of elec- 
tion or even in Presidential perform- 
ances, a most useful compendium has 
become available in Joseph Nathan 
Kane’s Facts About the Presidents. It 
will certainly be found on every politi- 


cal scientist’s desk from now on. Care- 
ful searching has turned up most useful 
comparative data about origins, affilia- 
tions, performance, and many other 
relevant matters. They are all here. 
There are no judgments, simply facts. 
It is a relief to have them, for once, in 
uncolored form. 

R. G. TUGWELL 
119 Northway Road, 
Greenbelt, Maryland 


The Special Theory of Relativity. J. 
Aharoni. Oxford University Press, 
New York, 1959. viii + 285 pp. 
Illus. $7.20 


This book is a technical introduction 
to the special theory of relativity, writ- 
ten with considerable emphasis on the 
formal aspects of the subject, and 
quite apparently aimed at British stu- 
dents of physics and of applied mathe- 
matics, whose backgrounds and _atti- 
tudes vary somewhat from the back- 
grounds and attitudes met with, on the 
average, on American campuses. Al- 
though the book covers more or less 
the same ground as any other compe- 
tent text, the slight change in approach 
makes for interesting reading. 

The chapters are devoted in turn to 
the following topics: kinematics of the 
special theory and of the Lorentz 
group; three-dimensional tensors; Max- 
well’s theory in tensor formulation; 
general field theory (nonquantum, to 
be sure); relativistic particle dynamics 
and hydrodynamics; and _— spinors 
(treated in the van der Waerden 
formalism). An appendix is concerned 
specifically with the propagation of 
light and generally with  electro- 
magnetic waves. The author introduces 
group-theoretical concepts to the ex- 
tent that he discusses tensors and 
spinors as representations of the orthog- 
onal group and the Lorentz group and 
gives some attention to questions of 
irreducibility of representations. Three- 
dimensional and four-dimensional no- 
tation are used side by side. As far as 
I can tell, the explanations are straight- 
forward and there are no errors in 
either the physics or the mathematics. 
It is quite obvious that the author is 
considerably more knowledgeable than 
might be assumed by the neophyte 
who is favorably impressed by the 
simplicity of presentation. Though 
quantum theory is only hinted at, 
much of the book’s work is preparatory 
to the study of quantum field theory. 
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Aharoni’s book could be placed, as 
a challenge, in the hands of a first- 
year graduate student, although such 
a student would probably need some 
help in studying it. 

PETER G. BERGMANN 
Department of Physics, 
Syracuse University 


Plant Growth Substances. L. J. Audus. 
Leonard Hill, London; Interscience, 
New York, ed. 2, 1959. xxii + 553 
pp. Illus. + plates. $10. 


Audus has presented, in readable de- 
tail, the background of the nature of 
plant growth from cell division to the 
nutritional and hormonal factors affect- 
ing development. He has included a 
discussion of the general physiology of 
natural auxins, including assay methods, 
isolation, and identification, and a sec- 
tion on the chemistry of natural and 
synthetic auxins, relating to structure 
and activity. From this orientation in 
fundamental principles, Audus proceeds 
to a comprehensive coverage and classi- 
fication of auxins as general growth 
stimulators and inhibitors, initiators of 
rooting, stimulators of fruit develop- 
ment, and selective weed killers. He 
defines their role in flowering and re- 
production and their influence in tissue 
differentiation. The appendixes delineat- 
ing auxin-treatment responses of plant 
species from all over the world are a 
unique feature. 

This edition includes material on the 
advances made since 1953 in the field 
of plant growth substances and sections 
on recently isolated and newly synthe- 
sized growth substances, the separation 
and identification of natural plant 
growth substances, and on new and 
varied applications which have been 
tried and evaluated. A chapter on the 
mechanism of action of auxins is a 
significant addition, and this, taken 
with the comprehensive discussions con- 
cerning the physiological action of 
other classes of growth regulators given 
in succeeding chapters, offers one of 
the most complete and up-to-date sur- 
veys of this kind on the subject. 

This book should be accepted with 
interest and pleasure by the intelligent 
layman who engages in serious reading 
for a better understanding of the bio- 
logical responses of the plants in his 
environment and, more specifically, for 
an understanding of the factors in- 
volved in regulating these response 
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phenomena. It is not, as Audus points 
out, a manual for the specific treat- 
ment of growing plants, but rather, a 
digest of information on the control of 
plant development by growth-regulat- 
ing substances. While the professional 
chemist or physiologist will not con- 
sider it a necessary acquisition for his 
technical library, the student of agricul- 
ture or horticulture will certainly find 
it a most useful reference source. The 
work contains, in logically presented 
order, a wealth of information, possibly 
to the degree that it encompasses too 
much. It is indeed difficult to collate 
in one volume material which is intelli- 
gible and appealing to the layman and 
which, by reason of its technical infor- 
mation, is also valuable to the specialist. 
W. H. KLEIN 
Division of Radiation 
and Organisms, Smithsonian Institution 


The United States in the World Arena. 
An essay in recent history. W. W. 
Rostow. Harper, New York, 1960. 
xxii + 568 pp. $8.75. 


W. W. Rostow specializes in the 
Large View of history. His particular 
mode of contributing lies in fashioning 
new points of view from which to ana- 
lyze past events, present trends, and 
future prospects. This he did admirably 
and neatly in his recent book, The 
Stages of Economic Growth. Unfor- 
tunately not so much can be said for 
the present volume. 

The author sets about to analyze in 
one fell swoop the military and diplo- 
matic events of World War II and 
the Truman and Eisenhower adminis- 
trations to see how these events fit his 
conception of America’s national inter- 
est. He~invents a useful notion, “na- 
tional style” (“that is, the typically 
American way of dealing with the na- 
tion’s environment”), as a means of 
tying together his unwieldy material 
and relating it to his major theme. He 
finds serious deficiencies in the national 
style and suggests numerous reforms 
which he thinks are urgently needed in 
view of the political and technological 
changes which are going on in. the 
world. 

The persuasiveness of Rostow’s cri- 
tique depends ultimately on the persua- 
siveness of his concept of America’s 
national interest. In company with most 
critics of public policy today, he holds 
that our national interest has a dimen- 





sion over and above simple considera- 
tions of geography. Thus, while he says 
that the United States, “a continental 
island off the greater land mass of 
Eurasia,” must prevent any single pow- 
er or groups of powers, hostile or 
potentially hostile to itself, from domi- 
nating that area, he goes further and 
says that our national interest demands 
that “the societies of Eurasia develop 
along lines broadly consistent with the 
nation’s own ideology.” 

So far, so good, but the trouble is 
that Rostow is quite unable to articulate 
anything worthy of being called “the 
nation’s own ideology.” Leaving aside 
the question of whether or not ideology 
is the right word, he describes the 
dynamic element of America’s national 
interest in humanistic terms, and per- 
haps this is why his essay at this crucial 
point lacks both precision and good 
philosophical syntax. It remains to be 
shown that the language of humanism 
permits the asking of the really impor- 
tant questions which must be answered 
if one is to articulate our national inter- 
est in its dynamic dimension—ques- 
tions such as “What beliefs make real 
and rational our concern about the 
future welfare of other nations and 
other races?” A simple benevolence 
toward the individuals who make up 
the human race is no substitute for 
philosophy any more than it is a substi- 
tute for national interest. Rostow is at 
pains to avoid the latter pitfall but does 
not show that he has escaped the for- 
mer. 

But if the author is not successful 
in coming up with a persuasive and 
practical definition of the dynamic ele- 
ment in our national interest, he is 
very successful in illustrating the perils 
of trying to get along without such a 
definition. The lack of such a definition, 
according to Rostow, has been a dis- 
tinguishing characteristic of our national 
style in military and diplomatic policy 
since the beginning of World War II. 
(Earlier, he says, we alternated between 
the geopolitical ideas of Admiral Ma- 
han and the idealism of Woodrow Wil- 
son when we were not content with 
moralistic isolationism, which, he con- 
tends, was rarely so.) 

The author finds that our national 
style in military and diplomatic policy 
came off a poor second to that of the 
British in World War II and to that of 
the Russians in the postwar period. As 
stylists, Roosevelt and Truman get bet- 
ter marks than Eisenhower (whose ad- 
ministration the author finds consistent- 
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ly “sluggish”), but none of them get 
very high marks. Of World War II Ros- 
tow writes: “the American national 
interest (in contrast to the British) was 
a matter of unresolved national debate, 
if not of private personal opinion .. . 
[the military] resisted systematically the 
application of diplomatic and political 
criteria to their military plans; and 
Roosevelt supported them.” And of the 
postwar years he writes (specifically in 
the case of the aftermath of the Korean 
crisis): “The nation continued in its 
familiar style to institutionalize its 
emergency response to the last crisis.” 
The picture is of the trouble shooter ab- 
sorbed solely with the immediate source 
of trouble. 

The author’s judgment of recent 
events, while on the whole persuasive, 
is sometimes unnecessarily lugubrious, 
especially in view of the fact that he 
professes to be something of an opti- 
mist. In particular he dismisses, with 
an almost cavalier treatment, the inno- 
vations in national style which came, 
albeit briefly, with the Marshall Plan. 
Perhaps more than any other policy in 
the postwar period, the Marshall Plan 
brought to the fore in Washington men 
with a highly developed and practical 
sense of the dynamic element in Amer- 
ica’s national interest. It is most sur- 
prising that none of these men, not 
even Paul Hoffman, rates so much as 
a mention in this long volume. The 
author feels constrained to rest the 
major part of his judgment of the 
Marshall Plan on the statement that it 
did not move Western Europe “radical- 
ly” toward unity. Perhaps the move- 
ment wasn’t radical, but it was cer- 
tainly substantial. Just to cite two in- 
stitutional innovations: the Schumann 
Plan was a direct consequence of Hoff- 
man’s diplomacy, and the European 
Payments Union was quite literally 
made in Washington. Why the author 
chose to pass up this very apt illustra- 
tion of the kind of national style he so 
obviously advocates is a mystery. 

Rostow is more constructive and 
more persuasive in the final section of 
the book when he looks ahead. He sees 
a future in which there will be a con- 
siderable “diffusion of power” among 
the nations of the world as a result of 
the spread of technology and the rising 
political aspirations of formerly back- 
ward nations, and he draws up an 
agenda of problems which will face this 
country as a consequence. He raises the 
fundamental question of whether and 
how the deficiencies in our national 
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style, as they relate to military and dip- 
lomatic policy, can be corrected. Speci- 
fically, he isolates the many-sided prob- 
lem of policy innovations in a demo- 
cracy, a subject to which one hopes he 
may return in the future in a more 
leisurely book. 

One cannot help but admire the 
author’s courage in being willing to set 
out his themes on such a big canvas. 
One could only wish he had picked 
fewer themes and had related his de- 
tail more closely to them. Perhaps if 
he had done so, his concept of national 
interest in its dynamic element could 
have been made clearer, and he would 
sound less like an efficiency expert who 
is not always clear just what it is he is 
trying to be efficient about. 

NATHANIEL MCKITTERICK 
International Bank for Reconstruction 
and Development, Washington, D. C. 


Science in Progress. Eleventh series. 
Hugh Taylor, Ed. Yale University 
Press, New Haven, Conn., 1960. xii 
+ 379 pp. Illus. $7.50. 


The Sigma Xi-RESA lecture series 
needs no introduction to the scientific 
community; this volume, however, 
seems a bit stronger in earth sciences 
(as they are fashionably called nowa- 
days) than in some other disciplines, 
although there are excellent lectures on 
behavior, viruses, and other aspects of 
biology. The price of this volume is a 
bit steep, and one wonders if wider 
circulation might be achieved if the 
publishers were to issue it in paperback 
form at perhaps a third of the price. 

J. W. HEDGPETH 
Pacific Marine Station, 
Dillon Beach, California 


New Books 


Mathematics, Physical Sciences, 
and Engineering 


Nevanlinna, R., et al. Analytic Func- 
tions. Princeton Univ. Press, Princeton, 
N.J., 1960. 204 pp. $5. This volume, No. 
24 in the Princeton Mathematical Series 
(Marston Morse and A. W. Tucker, Eds.), 
contains the principal addresses delivered 
at the conference on analytic functions 
held in September 1957 at the Institute 
for Advanced Study. Contributors are R. 
Nevanlinna, H. Behnke, H. Grauert, L. V. 
Ahlfors, D. C. Spencer, L. Bers, K. 
Kodaira, M. Heins, and J. A. Jenkins. 

Newell, Homer E., Jr. Window in the 


Sky. The story of our upper atmosphere. 
McGraw-Hill, New York, 1960. 116 pp. 
$2.75. 

O’Sullivan, J. J., Ed. Proceedings of the 
Second Protective Construction Sympo- 
sium (deep underground construction). 
vols. 1 and 2. RAND Corporation, Santa 
Monica, Calif., 1959. 988 pp. Papers stress 
the design and construction of under- 
ground facilities to resist the effects of 
nuclear weapons. Copies of the report are 
available for use at deposit libraries, but 
the report is not for sale. 

Parzen, Emanuel. Modern Probability 
Theory and Its Applications. Wiley, New 
York, 1960. 479 pp. $10.75. 

Pugh, Emerson M., and Emerson W. 
Pugh. Principles of Electricity and Magnet- 
ism. Addison-Wesley, Reading, Mass., 
1960. 441 pp. $8.75. 

Reid, Charles E. Principles of Chemical 
Thermodynamics. Reinhold, New York, 
1960. 318 pp. College edition, $6; trade 
edition, $7.80. “Intended as an introduc- 
tory thermodynamics course for graduate 
students in chemistry . . . not beyond the 
ability of qualified undergraduates.” 

Roberts, C. Sheldon. Magnesium and Its 
Alloys. Wiley, New York, 1960. 241 pp. 
$9. 

Rosen, Milton J., and Henry A. Gold- 
smith. Systematic Analysis of Surface- 
Active Agents. vol. 12 of Chemical Anal- 
ysis. Interscience, New York, 1960. 439 
pp. $13.50. 

Simon, Albert. An Introductien to Ther- 
monuclear Research. A series of lectures 
given in 1955. Pergamon Press, New York, 
1959. 191 pp. $5.50. 

Sneddon, I. N., and R. Hill. Progress in 
Solid Mechanics. North-Holland, Amster- 
dam; Interscience, New York, 1960. 460 
pp. $15.50. 

Steinberg, J. L., and J. Lequeux. Radio- 
astronomie. Dunod, Paris, 1960. 305 pp. 
NF. 19. 

Thwaites, Bryan, Ed. IJncompressible 
Aerodynamics. An account of the theory 
and observation of the steady flow of in- 
compressible fluid past aerofoils, wings, 
and other bodies. Oxford Univ. Press, New 
York, 1960. 656 pp. $12. 

Vasicek, A. Optics of Thin Films. 
North-Holland, Amsterdam; Interscience, 
New York, 1960. 416 pp. $12.50. 

Weissberger, Arnold, Ed. Physical 
Methods of Organic Chemistry. pt. 2 of 
vol. 1 of Technique of Organic Chemistry. 
Interscience, New York, ed. 3, 1960. 924 
pp. $24.50. From the preface: New topics 
added include chapters on automatic con- 
trol, automatic recording, weighing, deter- 
mination of particle size and molecular 
weight, x-ray microscopy, the Kerr effect, 
determination of the Faraday _ effect, 
nuclear magnetic resonance, paramagnetic 
resonance absorption, determination of 
transference numbers, and _ controlled- 
potential electrolysis. 

Zechmeister, L., Eds Progress in the 
Chemistry of Organic Natural Products. 
vol. 17. Springer, Berlin, 1959. 525 pp. 
$19.80. Contributors include K. Venka- 
taraman, H. H. Inhoffen, K. Irmscher, B. 
B. Stowe, and P. H. Abelson. 

Ziman, J. M. Electrons and Phonons. 
The theory of transport phenomena in 
solids. Oxford Univ. Press, New York, 
1960. 568 pp. $13.45. 
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First Natural 
Occurrence of Coesite 


Abstract. Coesite, the high-pressure poly- 
morph of SiO2, hitherto known only as a 
synthetic compound, is identified as an 
abundant mineral in sheared Coconino 
sandstone at Meteor Crater, Arizona. This 
natural occurrence has important bearing 
on the recognition of meteorite impact 
craters in quartz-bearing geologic forma- 
tions. 


We report in this communication the 
discovery of the first natural occurrence 
of coesite, the high-pressure polymorph 
of silica. Synthesis of coesite was suc- 
cessfully performed by Coes (/) and 
determinations of the stability fields of 
quartz and coesite have been published 
by MacDonald, Dachille and Roy, and 
Boyd and England (2, 3). In recent 
years the search for natural occurrences 
of coesite by geologists and mineralo- 
gists, including our examination of 
quartz-bearing rocks subjected to shock 
induced by hypervelocity impact and 
nuclear explosion, proved unsuccess- 
ful. The identification of coesite in 
samples of sheared Coconino sandstone 
collected from Meteor Crater, Arizona, 
culminates this determined search. 

Meteor Crater is a bowl-shaped de- 
pression surrounded by a low rim (4). 
Upturned strata of the Coconino sand- 
stone, Toroweap formation, and Kai- 
bab limestone, all of Permian age, and 
the Moenkopi formation of Triassic age 
are exposed in the walls of the crater 
(5). The floor of the crater is under- 
lain by a succession of Pleistocene and 
Recent talus, alluvial deposits, and lake 
beds resting on a layer of mixed debris 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tabies or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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up to 30 feet thick, which in turn over- 
lies a deep breccia lens up to 600 feet 
thick. The rim of the crater is under- 
lain by a complex sequence of Quater- 
nary debris and alluvium resting on dis- 
turbed Moenkopi and Kaibab strata. 

The relatively undamaged Coconino 
sandstone in the walls of the crater is a 
white, fine-grained saccharoidal cross- 
bedded quartzose sandstone. Coesite 
occurs chiefly in compressed and 
sheared Coconino sandstone (Fig. 1), 
which constitutes a major part of the 
layer of mixed debris under the crater 
floor and is dispersed in the underlying 
breccia lens. Coesite-bearing sandstone 
fragments are also a major constituent 
of drill cuttings from near the base of 
the lens, 600 to 650 feet beneath the 
crater floor. Some coesite-bearing frag- 
ments of sandstone are also found in 
Pleistocene and Recent alluvium on 
the rim of the crater, mainly in associa- 
tion with sintered rocks. Coesite also is 
a subordinate constituent of sandstone 
that has largely been converted to glass 
(lechatelierite). The glassy fragments 
form large frothy chunks in the base 
of the Pleistocene lake beds in the 
crater floor, are also found as lapilli and 
bombs incorporated in the aiiuvium on 
the crater rim, and are dispersed as 
finer fragments in the mixed debris 
and breccia under the crater. In some 
samples from this crater, fine-grained 
coesite had previously been thought to 
be glass or partially devitrified glass by 
Merrill (6), Rogers (7), and Shoe- 
maker (5, 8). Coesite occurs in the 
fine-grained, nearly isotropic, matrix 
in which the subrounded fractured 
quartz grains are imbedded (see Fig. 2). 

The identification of natural coesite 
is based on its x-ray powder diffraction 
pattern, its optical properties, and the 
spectrographic analysis of a purified 
sample. Figure 3A is the x-ray powder 
diffraction pattern of coesite concen- 
trated from sheared Coconino sand- 
stone. It is identical to the x-ray powder 
diffraction pattern of coesite (Fig. 3B) 
synthesized by F. R. Boyd of the Geo- 
physical Laboratory. The extra lines 
shown in Fig. 3A are primarily those 
of quartz, which are present as impurity 
in the natural coesite. 

Under the microscope coesite appears 





jin irregular grains or vaguely rectangu- 
lar grains 5 to more than 50 , in size 
(Fig. 4). The mineral has a mean in- 
dex of refraction of 1.595 and a very 
low birefringence. 

A chemically concentrated sample 
shown by x-ray pattern to contain es- 
sentially coesite, with some quartz, was 
spectrographically analyzed. The sam- 
ple contains more than 99 percent 
silica and less than 1 percent of other 
cations. This analysis substantiates the 
conclusion that the mineral is SiO:. 

The occurrence of coesite at Meteor 
Crater has significant implications for 
the fields of both geology and physics. 
First, it demonstrates that the poly- 
morphic transformation from quartz 
to coesite may occur under shocks gen- 
erated by meteorite impact. It is too 
early at this stage to say what the 
pressure and temperature conditions 
were when coesite was formed by im- 
pact at the Meteor Crater. The presence 
of coesite indicates pressures in excess 
of 20 kilobars. The additional presence 
of silica glass may indicate tempera- 
tures, at least locally, of about 1000°C 
or higher. DeCarli and Jamiescn (9) 
failed to find coesite in single quartz 
crystals shock-loaded to pressures up 
to 800 kilobars, and one of us (E.M.S.) 
has failed to find coesite in quartose 
media shocked to similar high pressures 
by experimental hypervelocity impact 
and by nuclear explosion. These results 
suggest that the transformation is too 
sluggish to take place in shock waves 
of very short duration, and that the 
sluggish quartz-coesite transformation 
may occur some distance behind the 
shock front, in a shock wave of much 
longer duration, such as was probably 
produced by impact at Meteor Crater 
(3). 

Second, the occurrence of coesite at 
Meteor Crater suggests that the presence 
of coesite may afford a criterion for 
the recognition of other impact craters 
on the earth and perhaps ultimately on 
the moon and other planets. According 
to the data of Boyd and England (3) 
coesite probably cannot form at pres- 
sures of less than about 20 kilobars— 


.a pressure not likely to be reached near 


the surface of a planet for a long 
enough period of time for coesite for- 
mation except by the mechanism of im- 
pact. However, coesite must persist in 
the low-pressure regime for a signifi- 
cant period of geologic time if it is to 
be a useful tool in the recognition of 
ancient geologic structures. 

Third, the discovery of coesite in a 
natural environment puts it in the 
category of a true mineral (/0). 

E. C. T. CHao 
E. M. SHOEMAKER 
B. M. MADSEN 
U.S. Geological Survey, 
Washington, D.C. 
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Fig. 1 (top, left). Sheared Coconino 
sandstone. Fig. 2 (middle, left). Photo- 
micrograph of sheared Coconino sand- 
stone (plain reflected light). Fractured 
quartz (gray) in matrix (dark) which 
contains coesite. Fig. 3 (top, right). 
(A) Natural coesite with minor 
amounts of quartz; (B) synthetic co- 
esite. Fig. 4 (bottom, left). Natural 
coesite with inclusions of quartz (plain 
reflected light). The photograph was 
taken with coesite in 1.540 oil and is 
slightly out of focus. 
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Sound Production by the Satinfin 
Shiner, Notropis analostanus, 
and Related Fishes 


Abstract. Several sounds are produced 
by minnows. Only one is not of purely 
mechanical origin, and it is classed as a 
“biological” sound. This sound is variously 
produced by males when fighting and chas- 
ing as well as during courtship. Females 
emit a similar sound. Testosterone injec- 
tions and elevated temperatures result in 
an increased rate of biological sound 
emission. 


In recent years it has been demon- 
strated that marine fishes produce a 
wide variety of sounds, some of which 
must have a biological function (/-3). 
Little work has been done on fresh- 
water fishes, although aquarists and 
several European investigators have 
occasionally heard their sounds (4, 5). 
Phoxinus laevis, a cyprinid of Europe, 
has been studied in detail, but the only 
reported sound produced by this fish 
was one caused by the emission of a 
bubble of air (5). 

Several kinds of sounds have been 
recorded from Notropis analostanus (6, 
7). These were a scratchy sound pro- 
duced when the fish hit the bottom 
gravel under various conditions, a high- 
pitched noise when air bubbles were 
released from the mouth, occasional 
chewing sounds, and finally one or more 
sharp knocks produced most frequently 
during reproductive activities. All ex- 
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cept the latter are mechanical sounds, 
and superficially they do not appear to 
have any biological function, although 
they cannot be overlooked as potential 
stimuli to the fish. The knocks (similar 
to the sound made~when one strikes 
wood with his knuckle) appeared under 
conditions that identified them as “bio- 
logical” sounds. They were produced 
when the males fought and when the 
males and females courted, and ap- 
peared not to be a sound primarily 
associated with necessary movements. 
We follow the use of the terms “bio- 
logical” and “mechanical” sounds as 
proposed by M. P. Fish (/), although 
there is reason to believe that the two 
categories grade into each other on an 
evolutionary basis, and may soon out- 
live their usefulness. 

The single knocks, made when a 
male chased and fought with a male, 
contained frequencies from below 85 
cy/sec up to between 2000 and at least 
11,000 cy/sec, and lasted between 11 
and 60 msec with greater intensities in 
the lower frequencies, as analyzed with 
a Kay Sonagraph model recorder. 
These single knocks were produced 
rapidly and intensely (40 to 60 msec, 
tapering to below 12 msec at highest 
frequencies) when a male chased an- 
other male, but they could be united 
into a very close series (11 to 24 msec, 
tapering very slightly to below 12 msec 
at highest frequencies) when two males 
fought each other. Similarly a purring 
sound occurred when a male actively 
courted a female. This appeared to be 
basically the same sound, but it was 
emitted more rapidly and less intensely. 
In all cases the male made these sounds 
(isolated, fighting a mirror image, and 
so forth), but isolated females also pro- 
duced fainter, less frequent knocks than 
males, so that it was impossible to know 
which sex made the sound during court- 
ship. 

Biological sounds similar to the 
knocks of N. analostanus have been 
heard in other species of minnows. 
Occasional knocks were heard when a 


male chased another male of Gila 
(Clinostomus) vandoisula and Notropis 
spilopterus, and a large series of 
knocks were heard when several to 
many males chased a _ female of 
Semotilus (Margariscus) margarita. 

The structure that produced the 
“biological” knocks has not been lo- 
cated. The sound was still produced, 
seemingly unaltered, when various 
organs were experimentally manipu- 
lated as follows: angle of jaws, base 
of pectoral girdle, pharyngeal arches 
cut through; operculum, pelvic fins, 
pectoral fins, anal fin, dorsal fin cut 
off; the air bladder punctured and re- 
moved; and the body cavity injected 
with petrolatum. 

A series of males of Notropis 
analostanus, at the beginning of the 
breeding season (June and early July), 
were placed in water at different tem- 
peratures (Table 1). The production 
of sound decreased significantly at the 
lower temperatures. This fish breeds in 
water of 20° to 30°C. Individuals 
injected with testosterone at 25° to 
27°C with a 10-hour photoperiod pro- 
duced many more sounds than fish 
injected with sesame oil and normal 
control fish from 5 to 10 days after 
injection. The activity of those injected 
with testosterone’ was _ considerably 
greater than that of the control group. 

Over the past 30 years many German 
and Dutch workers have demonstrated 
that Phoxinus laevis and other fresh- 
water fishes are able to hear and that 
this ability extends into frequencies not 
heard by nonostariophysid species of 
fish (4, 8). This ability to hear sounds 
of frequencies up to as high as 7000 
cy/sec or more is enhanced by the 
weberian apparatus which connects the 
air bladder to the inner ear. However, 
the only sounds that have been heard 
from minnows are “nonbiological” 
sounds such as the chewing sounds 
made by goldfish and the emission of 
air from the air bladder of P. laevis. 
This suggested to the German and 
Dutch workers that the acuity of hear- 


Table 1. The range and average number of sounds produced by males of Notropis analostanus, kept 
in 15-gal aquaria with an 18-hour photoperiod at various temperatures, during 5-minute listening 
periods, in June and July 1959. Three recordings were taken for each of three experiments (average 
usually based on nine readings), each with four males except for day one where data were available 
for only two experiments (average based on six readings). Some deaths occurred in one experiment 


at the highest temperature. 





Days after beginning of experiment 











Te 2 3 4 5 
Range Av. Range Av Range Av. Range Av. Range Av. 
29-30 109-280 231 35-328 176 8-207 102 101-191 157 64-161 121 
23-24 27-206 70 12-43 23 14-193 69 18-101 41 11-49 25 
18-19 10-69 27 14-213 82 18-129 60 6-100 37 4-96 43 
13-14 3-13 5 1-7 4 0-23 6 4-18 9 2-24 11 
7-9 0-5 1 0 0 0-3 1 1-6 2 0-3 1 
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ing in minnows need not be associated 
with the actual production of be- 
haviorally significant and controllable 
sounds by the fish. On this basis they 
concluded that it has developed in re- 
sponse to mechanical and incidental 
sounds produced by the fish and the 
environment. From our data, however, 
it appears that many minnows produce 
“biological” sounds that can act as 
stimuli in reproductive activities, al- 
though the actual nature of the function 
of the sound has not been experi- 
mentally tested. The sound’s association 
with reproductive activities, and its in- 
crease in rate with temperature eleva- 
tion and injections of testosterone, seem 
to place the knocks and purrs of 
Notropis analostanus in the class of 
“biological” sounds. It might be hy- 
pothesized that the sound repulses 
under some conditions (as when two 
males of N. analostanus fight) and at- 
tracts under others (as when males of 
Gila margarita follow females to spawn). 
Hypotheses like these are numerous in 
the literature. Tavolga’s experiments 
(2), which demonstrate that the grunts 
of the goby attract, and Moulton’s play- 
back (3) of sea robin calls to sea 
robins, which resulted in answering 
back, are the only experiments demon- 
strating the functions of sounds for 
fishes, except for occasional startle re- 
sponses reported by various authors. 
The sounds with frequency com- 
ponents as high as 11,000 cy/sec, pro- 
duced by the cyprinid we studied, 
contain frequencies which are well fitted 
to the sensitive hearing ability of 
ostariophysid fishes. Perhaps this more 
sensitive hearing has been one of the 
causes for their success in the fresh 
waters of the world (over 70 percent of 
the primary fresh-water fishes of the 
world are ostariophysids). The state- 
ment by Moore and Newman (9) that 
natural noises in fresh waters are so 
great as to make unlikely the use of 
any sounds for attraction or repulsion 
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Avoidance Conditioning and Alcohol 
Consumption in Rhesus Monkeys 


Abstract. Measures of intake of water 
and of a solution of 20-percent alcohol in 
water were determined in rhesus monkeys 
before, during, and after avoidance train- 
ing. Alcohol consumption increased dur- 
ing, and decreased after, avoidance ses- 
sions. Water intake remained the same or 
decreased during avoidance sessions and 
stayed at this level after the sessions. 


Masserman and Yum (J) reported 
that cats often develop a definite prefer- 
ence for a solution of alcohol in milk, 
if they are given alcohol during a con- 
flict conditioning procedure. Aside from 
these data, little is known about the 
effects of various conditioning pro- 
cedures on alcohol intake. 

In the experiment reported here we 
investigated the effects of an avoidance 
conditioning procedure (2) on the 


alcohol consumption of rhesus monkeys. 
Avoidance conditioning can cause 
gastrointestinal lesions, ulcers, and 
elevations in plasma levels of 17- 
hydroxycorticosteroids and norepi- 
nephrine in monkeys (3). Since 
analogous forms of behavioral stress are 
thought to play an important part in 
the development and maintenance of 
human addiction to alcohol, it seemed 
reasonable to inquire whether avoidance 
conditioning would have similar effects 
upon the monkey’s alcohol consump- 
tion. 

The subjects were two 6-lb rhesus 
monkeys (male and female) maintained 
in restraining chairs (4). Crackers and 
water were available to the animals for 
1 hour each day. 

The first, or “preavoidance,” phase 
of the experiment lasted 43 days, during 
which time base-line measurements of 
alcohol and water intake were made. 
During each 23-hour period between 
feedings one of three conditions was in 
effect: (i) an alcohol bottle alone was 
present (20-percent solution of 95- 
percent grain alcohol in water); or (ii) 
a water bottle alone was present; or 
(iii) both an alcohol and a water bottle 
were present. The order of presentation 
of conditions on successive days was as 
follows: alcohol, alcohol-and-water, al- 
cohol, water, alcohol, alcohol-and-water, 
water. 

In the second, or “avoidance,” phase, 
which lasted 54 days, the animals were 
trained to press a lever to avoid electric 
shocks. The response-shock and shock- 
shock intervals were gradually decreased 
over a period of approximately 2 weeks 
to final values of 1 second each. That 
is, the monkey was shocked once each 
second as long as it failed to press the 
lever, but every time it pressed the lever 
it postponed the electric shock for 1 
second. If the animal pressed the lever 
more frequently than once each second 
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it would never be shocked. After the 
daily feeding, 1 hour of avoidance train- 
ing was alternated with 1 hour of rest 
for a total of 20 hours (10 hours of 
avoidance training plus 10 hours of 
rest). An uninterrupted 3-hour rest 
period followed the last avoidance ses- 
sion of the day. A red, flashing light in 
front of the animal was on during 
avoidance sessions and off during rest 
sessions. The same daily sequence of 
water, alcohol, and alcohol-water con- 
ditions was followed as during the pre- 
avoidance phase. 

In the final, “postavoidance,” phase, 
which lasted 56 days, the avoidance 
schedule was no longer in effect and 
the red, flashing light was never turned 
on. 
Each animal’s alcohol and water in- 
take was recorded daily. Table 1 shows 
the mean alcohol and water intake, in 
milliliters per 23 hours, during (i) the 
last 3 preavoidance weeks; (ii) the last 
3 avoidance weeks; (iii) the first 3 
postavoidance weeks; and (iv) the last 
3 postavoidance weeks. Transitions 
from one intake level to the next were 
gradual. 

When alcohol solution alone was 
available (except for crackers and water 
during the feeding period), both ani- 
mals drank considerably more alcohol 
per day when they had to press the 
lever to avoid shocks than during the 
preavoidance phase. Their alcohol in- 
take remained at a high level for the 
first 3 postavoidance weeks. By the 
beginning of the last 3 postavoidance 
weeks monkey No. 2 had returned to its 
preavoidance level of alcohol consump- 
tion, whereas monkey No. 1 did not 
return completely to its initial level. 

Two factors argue against the possi- 
bility that the elevation in alcohol intake 
during the avoidance phase reflected an 
increased caloric demand caused by the 
large amount of work performed by the 
animals to avoid shocks: (i) alcohol 
intake remained high during the first 
3 postavoidance weeks, even though the 
monkeys rarely pressed the lever; and 
(ii) the amount of solid food eaten by 
the animals each day did not change 
during the avoidance phase. 

When water was the only fluid avail- 
able to the monkeys, monkey No. 2 
did not change its water intake in any 
consistent fashion throughout the ex- 
periment. During the avoidance phase 
monkey No. 1 showed a surprising drop 
in water intake, which persisted through 
the postavoidance phase. Neither ani- 
mal changed its water intake during the 
l-hour feeding periods. Since water 
consumption either remained the same 
or decreased during the avoidance 
phase, the increase in alcohol consump- 
tion does not reflect a general elevation 
in fluid intake by the monkeys. 

Even when both fluids were available 
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to the monkeys, their alcohol consump- 
tion increased during the avoidance 
phase. It remained high throughout the 
first 3 postavoidance weeks but returned 
to approximately the preavoidance base 
line by the beginning of the final 3 post- 
avoidance weeks. During the avoidance 
phase, animal No. 1 again drank less 
water than before, and it continued to 
do so thereafter. However, animal No. 
2 showed no consistent changes in water 
intake. 

Drinkometer records showed striking 
differences between the animals’ pre- 
avoidance- and avoidance-phase drink- 
ing patterns. On an‘ alcohol-only or 
an alcohol-and-water regimen the mon- 
keys, before avoidance conditioning, 
drank alcohol at a fairly uniform rate 
throughout the day, but during the 
avoidance phase and the first 3 post- 
avoidance weeks, they drank the major 
portion of their daily alcohol within 
the first 2 or 3 hours. Also, on an 
alcohol-and-water regimen the animals 
invariably drank 20 to 30 milliliters of 
water before taking any alcohol during 
the preavoidance phase, but during the 
avoidance phase they consumed large 
amounts of alcohol before drinking any 
water. Paralleling their return to the 
base-line levels, the subjects also re- 
turned to their preavoidance-phase 
drinking patterns by the beginning of 
the last 3 postavoidance weeks. 

The appearance of the animals on 
both the alcohol-only and the alcohol- 
and-water regimens during the avoid- 
ance phase indicates that they became 
intoxicated within the first few hours 
after feeding. They seemed heavy-lidded 
and lethargic, failed to display the 
aggressive responses typical of rhesus 
monkeys, and were easily petted and 
handled. They were quite normal 
throughout the preavoidance period and 
during the avoidance phase of the 
water-only regimen. The monkeys dis- 
played no appreciable changes in their 
rate or pattern of lever pressing on days 
when alcohol was available, although 
they did receive slightly fewer shocks 
on days when they had only water. 

ROBERT CLARK 
EDWIN POLISH 
Department of Psychology, 
Walter Reed Army Institute of 
Research, Washington, D.C. 
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An All-round Soil Percolator 


Abstract. A description is given of a 
soil percolator which has been used both 
for instructional purposes and for micro- 
biological research and has been found 
accurate and easy to operate. It could be 
used for aerobic and anaerobic experi- 
ments with a soil under water-saturated 
conditions. 


For a diversity of studies within the 
field of soil microbiology the percola- 
tion technique has proved useful. In 
principle the technique consists in let- 
ting a solution of known composition 
filter through a soil column held in a 
tube of glass or other material and, by 
analysis of the percolated solution, de- 
scribing the biological or nonbiological 
transformation it has undergone when 
in contact with the soil. Lees (/) in- 
troduced an automatic soil percolator, 
which was later modified (2), and 
Audus (3) described an apparatus 
which could be used for the measure- 
ment of soil-produced CO: More re- 
cently, Greenwood and Lees (4) 
obtained good results with a rocking 
respirometer, based on the percolation 
principle, which makes possible the 
measurement of both gas-exchange and 
reaction products from a soil sample. 
Theories on the percolation technique 
have been discussed by Lees (2). 

Although the percolation technique 
might be a valuable tool in soil micro- 
biology, percolation studies have not 
become very popular. This may be due 
mainly to the fact that percolation ap- 
paratus are not available commercially, 
and that the construction of one of the 
percolators described in the literature 
seems somewhat complicated. 

A rather simple and inexpensive soil 
percolator which has proved useful and 
adequately accurate for nitrification and 
decomposition experiments is described 
below. The apparatus has also been used 
in laboratory exercises in microbiology 
at the University of Gothenburg for 
some years and has been found con- 
venient and instructive as a means of 
demonstrating the microbiological 
processes in soil. 

A mounted percolator is shown in 
Fig. 1. It consists of two identical round- 
bottomed Pyrex glass tubes A and B 
with a side outlet near the open end 
and a bottom outlet. Tube B is closed 
with a bored rubber stopper and con- 
nected with A by a glass tube and rub- 
ber tubing. The passage through this 
connection is controlled by a screw clip 
C. The second connection between A 
and B is through the three-way stop- 
cock D and a long capillary glass tube 
E (bore 0.75 to 1.0 mm), all parts 
being assembled with not-too-heavy 
vacuum rubber tubings. Air pressure or 
suction is applied through the side out- 
let. in B. The dimensions of the ap- 
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Fig. 1. Soil percolator. 


paratus can be chosen to fit any pur- 
pose. However, the size of the standard 
percolator (Fig. 1) has proved practical 
for most purposes. 

The soil collected for investigation 
should be dried in air, sieved, and mixed 
well before use. Fresh and untreated 
soil is not sufficiently homogeneous to 
allow several percolators to be used 
simultaneously, since the physical con- 
ditions of the soil vary too much from 
percolator to percolator. Also, with un- 
treated soil the water flow through the 
columns is rendered difficult because 
of the packing of small particles at the 
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Fig. 2. (A) Effect of l-cystein on nitrification 


bottom. The most convenient particle 
size has been found to be 1 to 2 mm. 
The amount of soil used in one percola- 
tor varies with the properties of the 
soil. With “garden soil,” 50 gm is prac- 
tical for the standard percolator, but 
with sandy soils, more, and with soils 
rich in humus, less than this quantity 
should be used. The quantity of solu- 
tion varies with the amount of soil 
and the water-holding capacity of the 
soil used. 

The soil is placed in tube A between 
two glass wool plugs and allowed to 
settle; settling is hastened by gently 
tapping the glass wall of the tube with 
the finger. In order to exclude light 
from the soil the tube should be par- 
tially covered with a piece of aluminum 
foil or heavy white drawing paper. 

Initially, the percolation solution is 
poured in at the top of the soil column, 
and the flow rate is adjusted with clip 
C. Subsequent percolations are carried 
out by closing C and turning stopcock 
D so that the fluid will pass through 
tube E back to A when air pressure is 
applied. The soil is effectively aerated if 
C is again opened and air is blown 
through. Vigorous aeration is to be 
avoided, since this might lift the soil 
column. If aeration by pressure is made 
difficult because of packing of the soil, 
suction should be used. Surplus free 
water around the soil particles can also 
be removed by suction or, eventually, 
by applying pressure from above the 
soil column through a bored rubber 
stopper, F. If the same _ percolation 
fluid is to be used throughout an ex- 
periment of long duration, and especial- 
ly if the fluid contains added organic 
matter, it should be removed after each 
percolation and refrigerated. 

The percolator can be used for sev- 
eral types of investigation, including 
adsorption experiments, biological trans- 
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in a compost soil, pH 7.1. The percolation 


fluids were made up from 0.02M ammonium sulfate. (B) Decomposition of cycloheximide 
(actidione) in soil from spruce forest, pH 4.2. Prior to the experiment the soil had 
been percolated with cycloheximide solutions (100 »g/ml) during 8 weeks. Finally, two 
cycloheximide-decomposing bacteria and one fungus were isolated from the percolator 
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formation of organic and inorganic 
compounds, enrichment of desired phys- 
iological groups of microorganisms 
followed by isolation in pure culture, 
and so on. Results of two representa- 
tive percolation experiments are pre- 
sented in Fig. 2. The percolator was 
developed for studies of the soil in a 
water-saturated state under aerobic con- 
ditions, but air could be replaced by 
any other gas in a closed system for 
anaerobic experiments. Further, the 
whole percolator could be autoclaved 
for experiments with sterile soil. For 
such use, cotton plugs should be sup- 
plied for all free outlets. 

K. GUNDERSEN 
Botanical Institute, 
University of Gothenburg, 
Gothenburg, Sweden 
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Some Steroid Hormone-like 
Effects of Menthol 


Abstract. Menthol or menthone, or 
both, like progesterone, have been shown 
to have the following biological activities: 
(i) an inhibitory action on liver and kid- 
ney aldehyde dehydrogenase activity 
which, under certain circumstances, is 
reflected in an increased rate of oxidation 
of p-galactose, and (ii) a stimulatory 
effect on the oxidation of pD-galactose by 
two prepubertal congenitally galactosemic 
subjects. 


We have reported on some biochem- 
ical effects produced by progesterone 
and androgens, both in vitro and in 
vivo (J-4). It has been possible to 
demonstrate that a different type of mol- 
ecule—namely, DL-menthol or DL-men- 
thone, or both—can simulate these ef- 
fects of the steroids (5). This report 
presents a comparison of a number of 
parameters of progesterone and menthol 
activity. 

It has been shown that the rate-deter- 
mining reaction in the conversion of 
galactose-1-C* to C“O: by the soluble 
fraction of rabbit liver homogenate is 
the epimerization of uridine diphospho- 
galactose (UDPGal) to uridine diphos- 
phoglucose (UDPG) (2). This reaction 
requires a catalytic amount of diphos- 
phopyridine nucleotide (DPN) and is 
strongly inhibited by reduced diphos- 
phopyridine nucleotide (DPNH) (6). 
Therefore, any agent which increases 
the level of DPNH would be expected 
to decrease the rate of galactose oxida- 
tion, whereas a decrease in the level of 
DPNH might be expected to accelerate 
galactose oxidation (7). This has been 
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demonstrated experimentally (3). Thus, 
the oxidation of galactose by the soluble 
fraction of kidney, a tissue known to be 
low in alcohol dehydrogenase (8), is 
not inhibited by alcohol but is inhibited 
by the addition of glycolaldehyde or an 
aldehyde-generating system such as pro- 
pylene glycol and horse liver alcohol 
dehydrogenase. Progesterone (10*M) 
largely overcomes this inhibition, pre- 
sumably by inhibiting DPNH formation 
via the aldehyde dehydrogenase reac- 
tion (3). Menthol (10°M), under 
comparable conditions, completely over- 
comes this inhibition of galactose oxi- 
dation. Moreover, menthol is oxidized 
by horse liver alcohol dehydrogenase 
in the presence of DPN, presumably to 
menthone. pL-Menthone also markedly 
inhibits the oxidation of acetaldehyde, 
glycolaldehyde, glyceraldehyde and pro- 
pionaldehyde by aldehyde dehydroge- 
nase activity present in the fraction ob- 
tained between 40- to 60-percent sat- 
uration of rabbit liver and kidney su- 
pernatant with ammonium sulfate. The 
concentration of menthone giving 50- 
percent inhibition is 6 xX 10°M. No 
inhibition on horse liver alcohol dehy- 
drogenase is exerted by progesterone 
(3), menthol, or menthone. 
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Fig. 1. Excretion of COs. by two pre- 
pubertal galactosemic subjects after intra- 
venous administration of galactose-1-C™. 
Subject P.R. was an 8-year-old female; 
L.W.J. was a 12.5-year-old male. Each 
child received 2 uc of galactose-1-C (4.70 
uc/mg) just prior to the collection of 
expired carbon dioxide. Menthol (13 mg/ 
kg), as a 25-percent solution in peanut 
oil, was given orally in three equal doses 
at 12-hour intervals during the 36 hours 
preceding administration of labeled galac- 
tose. The technique for collection and 
assay of C™“O. has been described (4). 
Solid circles, excretion of CO, prior to 
administration of menthol; open circles, 
excretion after administration of menthol. 
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Evidence of a more direct nature re- 
lating the rate of galactose oxidation to 
the rate of the UDPGal-4-epimerase 
reaction as controlled by the DPNH 
level has been presented elsewhere (2). 
Thus, the oxidation of UDPGal-1-C“ 
by the soluble fraction of rabbit liver 
was accelerated by progesterone when 
propylene glycol, a good substrate for 
alcohol dehydrogenase, was _ present. 
However, under identical conditions, 
the rate of oxidation of UDPG-1-C”% 
was not affected by progesterone. Pre- 
sumably the hormone inhibited the oxi- 
dation of lactic aldehyde which was 
generated from propylene glycol (9). 
Menthol (8.7 X 10°M), under com- 
parable conditions, also stimulated the 
oxidation of UDPGal-1-C™ (by 65 per- 
cent) as compared to a propylene gly- 
col control but had no effect on the me- 
tabolism of UDPG-1-C™. 

The in vitro effects described above 
can be summarized as follows. Galactose 
oxidation is inhibited in tissue prepara- 
tions which are metabolizing certain 
aldehydic substrates. Progesterone and 
menthone inhibit liver and kidney alde- 
hyde dehydrogenase activity, thereby 
decreasing the amount of DPNH gen- 
erated by this reaction. The rate of ga- 
lactose metabolism reflects this phe- 
nomenon—that is, a decrease in DPNH 
level permits the UDPGal-4-epimerase 
reaction to proceed at a rate comparable 
to that which obtains in the absence of 
aldehydic substrates. 

Since menthol seemed to simulate 
some progesterone effects in vitro, it 
was of interest to determine whether the 
similarity extended to the galactosemic 
state. It can be seen from Fig. 1 that 
this is indeed the case. The calculations 
for cumulative excretions indicated that 
subject P. R. converted 2 percent of the 
administered galactose-1-C* to CO: in 
6 hours in the control experiment but 
was able to metabolize 17 percent to 
CO: during a comparable period after 
treatment with menthol. Subject L. W. J. 
produced essentially no C“O: during 
the control study, but about 6 percent 
of the injected galactose-1-C’* was oxi- 
dized to C“O: after menthol adminis- 
tration. It is of interest to note that the 
same subject oxidized 7 percent of the 
labeled sugar: after progesterone ad- 
ministration (4). Normal adult subjects 
in similar studies oxidized 35 percent of 
the galactose-1-C“ in the control ex- 
periment but showed no increased ca- 
pacity to metabolize galactose after in- 
gestion of menthol. 

The metabolic block in congenital 
galactosemia is at the level of P-Gal 
transuridylase (10), the enzyme which 
catalyzes the formation of UDP-Gal 
from galactose-1-phosphate. The in 
vitro effect of progesterone and men- 
thol is at an enzymatic locus one step 
beyond the transferase level. It is not 





yet known whether or not the mechan- 
ism of the in vivo effect is the same as 
that which has been shown to operate 
in vitro. Further clinical trials will be 
necessary to determine whether these 
agents have any therapeutic value in 
congenital galactosemia. 
T. Davip ELDER, STANTON SEGAL, 
ELIZABETH S. MAXWELL, 
YALE J. Topper 
National Institute of Arthritis and 
Metabolic Diseases, National 
Institutes of Health, 
Bethesda, Maryland 
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Lethal Effect of Visible Light 
on Cavernic sious Ostracods 


Abstract. Light intensities of the order 
of 1/20th that of normal sunlight are suf- 
ficient to kill ostracods from two different 
caves. Loss of physiological protection 
against light has probably occurred 
through the same mechanism which has 
resulted in the much better known loss of 
morphological characters in cave animals. 


Loss of characters such as eyes and 
integumentary pigment is. common in 
animals which have become adapted, in 
the evolutionary sense, to the lightless 
environment of caves (/-—3). Cave ani- 
mals also frequently lose physiological 
characters such as the ability to with- 
stand temperature fluctuations charac- 
teristic of surface waters (3). In addi- 
tion, they generally become more 
tolerant to conditions of semistarvation 
and may become more euryphagous. 
Some animals are also reported, by 
Absolon (4), to lose physiological 
characteristics which enable them to 
survive irradiation by visible light. 
Absolon states that a few minutes of 
sunlight is lethal to some cave-dwelling 
mites and springtails. His report, how- 
ever, does not discriminate between the 
effects of light and of light-induced 
heat. 

Ostracods (Candona sp., a new 
species described by Charles D. Wise) 
have been collected in Valdina Farm 
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Cave (16 mi north of D’Hanis, Medina 
County, Tex.) and in Cave X (about 
12 mi south of Austin, Travis County, 
Tex.) and have been successfully cul- 
tured at 24°C + 2° in constant dark- 
ness. They were fed dried yeast and 
small pieces of lettuce and celery. These 
animals grow and reproduce vigorously 
under these conditions. Young ostracods 
from a Valdina Farm culture were 
randomly divided among four bottles. 
Two of these bottles, containing a total 
of 89 animals, were placed about 2 ft 
from a north-facing window, in an 
opaque black box; the other two, con- 
taining a total of 101 animals, were 
placed next to the box, where they re- 
ceived the light coming through the 
window. Within 9 days all the animals 
which had been in the light were dead, 
while only 2 of the 89 controls had 
died. 

Apparatus was then constructed so 
that animals could be exposed to known 
and constant light conditions. This ap- 
paratus consisted of cardboard boxes, 
with black interiors, which were 12 by 
8 by 102 cm and which had a 7.6 cm 
square opening in one end. These boxes 
were so arranged that their open ends 
directly faced a 100-watt light bulb 
which was immersed in a_ beaker 
through which water constantly flowed. 
The light was thus filtered by 3 cm of 
water which removed almost all of the 
infrared (5) before it reached the ani- 
mals. 

Seven animals were placed in each of 
13 containers with optically flat sides; 
these containers were oriented within 
the boxes so that the flat sides were 
perpendicular to the light. Animals 
from Valdina Farm Cave were put in 
some of the containers and animals 
from Cave X were put in the remainder. 
Placement of each animal among con- 
tainers for animals from a given cave 
was randomly determined except for the 
last few from each cave. The containers 
were placed at various distances from 
the light so as to produce the exposure 
intensities indicated in Fig. 1. These in- 
tensities were considerably less than the 
intensity of direct sunlight (about 10,- 
000 ft-ca). The control animals, cul- 
tured in continuous darkness, were kept 
in a completely closed box similar in 
size, shape, and orientation to the boxes 
described above. The temperature in 
the boxes that were open at one end 
would have been about 2°C higher at 
the end near the light than at the far 
end if the far end of the box had not 
been heated slightly. This was accom- 
plished with appropriately adjusted 
gooseneck lamps. 

The results, summarized in Fig. 1, 
show that a light intensity of approxi- 
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Fig. 1 Number of animals alive as a function of duration of exposure to experimental 


conditions. 


mately 1/20th that of direct sunlight is 
lethal to these cave-dwelling ostracods. 
They also show that an intensity of 10 
ft-ca does not kill these animals. Fur- 
thermore, in one container, in which 
light intensity was 10 ft-ca, at least four 
young were produced after 60 days of 
exposure and three more were produced 
about 13 days later. 

Sensitivity to light was greater in 
small animals than in larger ones, and 
the order of death of animals within a 
given container was correlated with the 
order of size of the animals. This dif- 
ferential sensitivity may be responsible 
for most of the difference in the ex- 
posure required to kill animals from the 
two caves, since the average size of the 
Cave X animals was 0.28 mm and that 
of the Valdina Farm Cave animals was 
0.44 mm. 

One light and one dark period per 
day were used during the first 5 days of 
the alternating light and dark phase of 
the experiment. After this, the alternat- 
ing periods were very close to 24 hours 
each. During the first days the dark 
periods were considerably longer than 
the light periods, and it was not until 
the 31st day of the experiment that the 
animals exposed to alternating light had 
accumulated a number of light-exposure 
hours (312) equal to the number of 
hours of exposure that resulted in the 
death of all animals exposed to constant 
light. At this time, 8 of the original 14 
animals exposed to alternating light 
were still alive. There are three plausi- 
ble explanations (which are not mutual- 
ly exclusive) for their survival. (i) At 
least partial recovery from light-in- 
duced damage occurs during the dark 
periods. (ii) At least partial adaptation 
to light occurs, and with alternate dark 


periods there is more time for this 
adaptation to proceed after it is initiated. 
(iii) The extension of exposure over a 
longer period permits the animals to 
become older and larger, with increased 
resistance to the effects of light. 

Sensitivity to light as is shown by the 
ostracods, and which I have found also, 
though in lesser degree, in cave-dwelling 
copepods (Paracyclops fimbriatus), is 
not universal in cavernicolous animals 
(7, 6). 

The loss in cave animals of physio- 
logical characteristics that are adaptive 
to the epigeal environment is probably 
brought about by the same mechanism 
that is responsible for the much better 
known loss of morphological characters 
in these animals. The mechanism is 
evidently one in which mutations which 
are destructive of the developmental 
sequences leading to pigment formation, 
eye formation, physiological protection 
from light, and so on, accumulate and 
persist in cave populations, primarily 
because there is no naturai selection 
against animals carrying them (7). 

BASSETT MAGUIRE, JR. 
Department of Zoology, 
University of Texas, Austin 
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Association Affairs 


Additional Program Notes, 
Hotel Headquarters, and Housing 
for the New York Meeting 


The preliminary announcement of 
the eighth New York meeting of the 
American Association for the Advance- 
ment of Science, to be held 26-31 De- 
cember 1960 [Science 131, 1616 (27 
May 1960)], was principally an outline 
of the many sessions of the 18 AAAS 
sections and of some 85 participating 
organizations. It was apparent not only 
that this year’s meeting in New York’s 
Grand Central zone will be well bal- 
anced in its coverage—with every prin- 
cipal field of science, from astronomy 
to zoology, well represented—but that 
the programs, including the special ses- 
sions, will be particularly attractive. 
Since virtually all the sessions will be 
held in one or another of four hotels 
located within a few blocks of each 
other, the meeting also will be partic- 
ularly convenient. 

Additional details of the program of 
this 127th AAAS meeting have come 
in since publication of the preliminary 
announcement. In _ several instances 
symposia have been expanded, speakers 
of prominence have accepted invita- 
tions, and program chairmen have 
raised their original attendance esti- 
mates. The following supplementary in- 
formation about various programs can 
be announced at this time. 


Special Sessions 


26 December, evening. AAAS Gen- 
eral Symposium, “Moving Frontiers of 
Science,” part I. Following Edward 
Anders, who will speak on “Recent 
work on meterorites,” the second speak- 
er will be H. W. Magoun, chairman of 
the department of anatomy, University 
of California, Los Angeles. He will 
lecture on “Development of present 
concepts of the organization of the 
brain.” 

27 December, evening. As previously 
announced, Sir Charles P. Snow will 
state the major aspects of the critical 
challenge to scientists of the conditions 
—social, political, and moral—that 
exist in the world today. Two speakers 
who will give their views on how scien- 
tists should respond to the current 
challenge will be Theodore M. Hes- 
burgh, president of the University of 
Notre Dame, and William O. Baker, 
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vice president of research, Bell Tele- 
phone Laboratories. Warren Weaver, 
vice president of the Alfred P. Sloan 
Foundation, will preside. 

28 December, afternoon. AAAS Gen- 
eral Symposium, “Moving Frontiers of 
Science,” part II. As previously an- 
nounced, George Wald, professor of 
biology of Harvard University, will lec- 
ture on “The molecular basis of vision.” 
The other speaker will be Herman H. 
Goldstine, resident manager, Lamb 
Estate Research Center, IBM Corpora- 
tion, Yorktown Heights, N.Y. His sub- 
ject will be the current status of infor- 
mation theory and its mathematical 
basis. 

29 December, evening. The annual 
joint address of the Society of the Sigma 
Xi and the United Chapters of Phi Beta 
Kappa will be given by Polykarp Kusch, 
executive officer, department of physics, 
Columbia University, and recipient of 
the Nobel prize in physics, 1955. 


Symposia Notes 


Physical sciences. The two-session 
symposium on “The Impact of the 
Space Program on the Sciences,” to be 
held under the auspices of the Plane- 
tary Sciences Committee of the Amer- 
ican Geophysical Union, is being ar- 
ranged by Robert Jastrow of the Na- 
tional Aeronautics and Space Adminis- 
tration. It is scheduled for the morning 
and afternoon of 26 December, so that 
it will precede, and not conflict with, 
the four sessions of the American 
Astronautical Society (27 and 28 De- 
cember) and the national meeting of 
the American Astronomical Society 
(29-31 December). Included will be 
papers on the structures of the planets, 
the atmospheres of the planets, earth- 
sun relationships, some frontiers of 
astronomy, cosmology, molecular biol- 
ogy, and the origin of life. Speakers of 
prominence have been invited, both for 
their scientific accomplishments and 
their speaking ability. 

The symposia and the sessions for 
contributed papers of Section C-Chem- 
istry are being arranged with the as- 
sistance of the New York Section of 
the American Chemical Society. 

Geology and geography. Section E 
will sponsor a symposium on the Moho 
project to drill a deep hole to the outer 
layer of the earth’s crust. This will 
present the latest developments in a 





project which was first publicly dis. 
cussed at the meeting of the American 
Association of Petroleum Geologists in 
Atlantic City this spring. It will include 
discussion of the history of the project, 
its. scientific objectives, instrumentation 
problems, and the development of spe- 
cial equipment for drilling in great 
depths of water. Harry S. Ladd of the 
U.S. Geological Survey will be chair. 
man. 

The program of the Association of 
American Geographers, New York-New 
Jersey Division, in addition to the 
symposium on “Urban Renewal,” which 
the organization is cosponsoring, and 
two sessions for contributed papers, 
will include symposia on “Recent Post- 
glacial Events in Southern South Amer- 
ica,” “Africa South of the Sahara,” and 
“Soviet Geography.” 

Biological sciences. The New York 
Academy of Sciences is scheduling a 
two-session conference on electrobiol- 
ogy with the AAAS, for 30 December. 
Dominic Purpura, associate professor of 
neurophysiology in research, College of 
Physicians and Surgeons, Columbia 
University, is chairman of the con- 
ference. 

An addition to the substantial group 
of biological societies participating in 
the AAAS meeting is the Mycological 
Society of America, which will sponsor 
a special program in its field. 


Psychology. Many of the details of 


the program of Section I are now 
available. Speakers and titles in the 
symposium on “The Physiology of 
Feeding and Drinking Behavior’ (ar- 
ranger and chairman, Eliot Stellar, 
University of Pennsylvania Medical 
School), to be held the morning of 
29 December, are as follows: John 
Brobeck (University of Pennsylvania 
Medical School), “Feeding and energy 
balance”; Alan N. Epstein (University 
of Pennsylvania Medical School), “In- 
trahypothalamic injections and feeding 
and drinking’; Charles Hamilton (Vet- 
erans Administration Hospital, Phila- 
delphia), “Hypothalamic obesity and 
dominance in the rhesus monkey”; Al- 
bert Stunkard (University of Pennsyl- 
vania Medical School), “Analysis of 
obesity in man”; Philip Teitelbaum 
(University of Pennsylvania Medical 
School), “Aphagia versus adipsia in 
lateral hypothalamic starvation.” 

The vice-presidential address of Clif- 
ford T. Morgan, University of Wiscon- 
sin, “The Neural Encoding of Sensory 
Information,” will precede the sym- 
posium on “Concept Formation” 
(Roger Shepard, Bell Telephone Lab- 
oratories, arranger), also to be held the 
afternoon of 29 December. 

Speakers and titles in the symposium 
on “Applications of Behavior Technol- 
ogy” (arranger and chairman, Murray 
Sidman, Walter Reed Army Institute 
of Research), to be held the morning 
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of 30 December, are: Robert Clark 
(Walter Reed Army Institute of Re- 
search), “Behavioral problems in radia- 
tion research”; James G. Holland 
(Harvard University), “Education as a 
problem in behavioral manipulation”; 
Arthur J. Bachrach (University of Vir- 
ginia School of Medicine), “The social 
manipulation of verbal behavior’; 
Charles B. Ferster (Indiana University 
Medical Center), “Behavior deviations 
in children”; Thom Verhave (Eli Lilly 
and Company), “The use of behavior 
and of behavioral variables in indus- 
try”; Joseph V. Brady (Walter Reed 
Army Institute of Research), discus- 
sant. 

Section I will cosponsor the sym- 
posium of the American Psychiatric 
Association, “Expression of the Emo- 
tions in Man,” which has added a fifth 
session, to be held the evening of 30 
December. 

Medical sciences. The program of 
Section N—Medical Sciences, on “Bio- 
physics of Physiological and Pharmaco- 
logical Actions,” arranged by A. M. 
Shanes, National Institutes of Health, 
to be held 26-28 December, has also 
been expanded from four to five ses- 
sions. Speakers and chairmen are as 
follows. 

Part I: “Introduction and elementary 
systems” (transport models and models 
for drug interaction). A. M. Shanes 
(National Institutes of Health), J. F. 
Hoffman (National Institutes of Health), 
R. L. Post (Vanderbilt University 
School of Medicine), T. Hoshiko 
(Western Reserve University School of 
Medicine), N. L. Gershfeld (National 
Institutes of Health). T. Shedlovsky 
(Rockefeller Institute), presiding. 

Part II: “Nerve—structure, electro- 
chemistry, energetics.” J. David Rob- 
ertson (McLean Hospital, Boston, 
Mass.), W. P. Hurlbut (Rockefeller 
Institute), F. A. Dodge (National Insti- 
tutes of Health); K. Koketsu (Univer- 
sity of Illinois College of Medicine, 
Chicago), J. M. Ritchie (Albert Ein- 
stein College of Medicine). K. S. Cole 
(National Institutes of Health), presid- 
ing. 

Part III: “Muscle, I—electrochem- 
istry, action potentials, excitation.” P. 
Horowicz (Washington University, St. 
Louis), R. Swan (Cornell University 
Medical School, New York), Walter H. 
Freygang, Jr. (National Institutes of 
Health), G. Falk (University of Wash- 
ington), C. P. Bianchi (Institute for 
Muscle Disease, New York), A. M. 
Shanes (National Institutes of Health), 
William G. van der Kloot (New York 
University School of Medicine). A. San- 
dow (Institute for Muscle Disease, New 
York), presiding. 

Part IV will be preceded by the 
vice-presidential address of Carl F. 
Schmidt, University of Pennsylvania 
School of Medicine, and by the presen- 
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‘(Columbia University), 


tation of the 16th Theobald Smith 
Award. 

Part IV: “Muscle, [I—structure and 
contraction, general energetics, possible 
contraction models.” L. D. Peachey 
A. Sandow 
(Institute for Muscle Disease, New 
York), R. E. Davies (University of 
Pennsylvania School of Medicine), R. 
Podolsky (Naval Medical Research 
Institute), Harry Grundfest (College of 
Physicians and Surgeons, Columbia Uni- 
versity). W. O. Fenn (University of 
Rochester School of Medicine and Den- 
tistry), presiding. 

Part V: “Muscle, I[Il—heart fibers, 
smooth muscle.” B. F. Hoffman (State 
University of New York School of Med- 
icine, New York City), J. W. Woodbury 
(University of Washington), S. Wine- 
grad (National Institutes of Health), 
W. C. Holland (University of Missis- 
sippi Medical School), W. Trautwein 
(Heidelberg University), L. Hurwitz 
(Vanderbilt University School of Medi- 
cine), L. Barr (University of Michigan 
Medical School). C. Ladd Prosser (Uni- 
versity of Illinois), presiding. 

Dental research. Section Nd will hold 
a two-session symposium on “Keratini- 
zation” (chairman, Earl O. Butcher, 
New York University College of Dentist- 
ry), in the morning and afternoon of 
30 December. The speakers and titles 
are: A. Gedeon Matoltsky (Johnson 
Memorial Hospital, Miami, Florida), 
“The mechanism of _ keratinization”; 
Russell J. Barrnett (Yale University 
School of Medicine), “The biochem- 
istry of keratinization”; J. A. Rhodin 
and Edward J. Reith (New York Uni- 
versity School of Medicine), “Keratini- 
zation process as seen in the electron 
microscope”; Irvin H. Blank (Harvard 
Medical School), “The effect of en- 
vironment on the physical character- 
istics of epithelium”; George Szabo 
(Harvard Medical School), “Keratini- 
zation in tissue culture”; Jerome P. 
Parnell (College of Medicine, Down- 
state Medical Center of New York), 
“Effects of vitamin A on keratiniza- 
tion”; M. L. Watson (University of 
Rochester School of Medicine and 
Dentistry), “Fine structure of amelo- 
blastic fibril formation”; K. A. Piez 
(National Institute of Dental Research), 
“Chemistry of the organic matrix of 
enamel.” 

Social and economic sciences. The 
program of the National Academy of 
Economics and Political Science, co- 
sponsored by Pi Gamma Mu National 
Social Science Honor Society, will be 
a symposium, “The Technological Revo- 
lution and its Policy Influence,” to be 
held the morning of 27 December. 

History of science. The History of 
Science Society, which will hold its 
biennial meeting with the AAAS, has 
announced that the first George Sarton 
Memorial Lecture will be given by 


René Dubos of the Rockefeller Insti- 
tute on 27 December. 

Speakers and titles in the symposium 
on “Fairly Recent Science and Technol- 
ogy” (chairman, Lynn T. White, Uni- 
versity of California), to be held the 
afternoon of 27 December, are: Alex- 
ander M. Ospovat (University of North 
Dakota), “Abraham Gottlob Werner’s 
ideas on science and education”; Har- 
old I. Sharlin (Polytechnic Institute of 
Brooklyn), “The engineering gap be- 
tween Faraday’s discovery of electro- 
magnetic induction and the electric 
dynamo.” 

Speakers and titles in the symposium 
“The Scientific Mainstream” (chair- 
man, Duane H. D. Roller, University 
of Oklahoma), to be held the after- 
noon of 28 December, are: Allen G. 
Debus (Harvard University), “The de- 
velopment of analytic methods in chem- 
istry prior to Robert Boyle”; C. Doris 
Hellman (Pratt Institute), “A kaleido- 
scope of appraisals of the importance of 
Tycho and Kepler”; Rudolph E. Siegel 
(University of Buffalo), “Galen’s ex- 
periments and clinical observations on 
circulation and respiration.” 

Speakers and titles in the symposium 
“Reports on Work in Progress” (chair- 
man, Marshall Clagett, University of 
Wisconsin), to be held the morning of 
29 December, are: Saul Benison (Co- 
lumbia University), “Oral history of 
contemporary American science”; Har- 
old L. Burstyn (Harvard University), 
“Galileo’s attempt to prove that the 
earth moves”; Gerald J. Gruman (Johns 
Hopkins University), “Medical  al- 
chemy: A study in comparative history”; 
Thomas M. Smith (University of Okla- 
homa), “Application of the digital com- 
puter to the analysis ci variant readings 
of medieval texts’; W. James King 
(Smithsonian Institution), “The role 
of measurement in the natural philos- 
ophy of Galileo and Huygens”; Eri 
Yagi (Yale University), “The growth 
of modern science in Japan”; Duane 
H. D. Roller (University of Oklahoma), 
“Report on the teaching of history of 
science in American colleges”; Allan R. 
Robinson (Harvard University), “The 
development of atomic models: Kelvin 
to Bohr.” 


Local Committees 


The Association, again this year, is 
fortunate in having an ideally qualified 
general chairman of the meeting and 
fortunate in the committee chairman he 
has already appointed. 

The general chairman of the eighth 
New York meeting is Eger V. Mur- 
phree, president of Esso Research and 
Engineering Company, who has been a 
member of the advisory committee of 
the AEC since 1950, is a member of 
the National Academy of Sciences, and 
holds membership in a number of sci- 
entific societies. 
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The chairman of the Committee on 
Exhibits is William O. Baker, vice 
president for research, Bell Telephone 
Laboratories; he was a member of the 
same committee when the AAAS met 
in New York in 1956. 

The chairman of the Committee on 
Public Information is Marion Harper, 
Jr., president of McCann-Erickson, 
Inc.; he headed the same committee at 
the previous New York meeting. 

The chairman of the Committee on 
Physical Arrangements is Harry A. 


Charipper, head of the department of | 


biology, New York University, Wash- 
ington Square Center, who aided that 
committee in 1949 and 1956; he is 
also in charge of local arrangements 
for this year’s meeting of the American 


| Society of Zoologists. 


Housing 


Four of the five hotels for the AAAS 
meeting have established uniform flat 
rates, much lower than their usual 
rates, for AAAS members and others 
attending the meeting. Thus, every- 
one who makes room _ reservations 
through the AAAS Housing Bureau can 
be assured of substantial savings. 

Beginning with this issue, the adver- 
tising pages of Science will carry, at 
frequent intervals, announcements of 
hotel accommodations and rates, to- 
gether with a coupon which should be 
filled out and sent, not to any hotel 
directly, but to the AAAS Housing 
Bureau in New York. All applications 
for hotel rooms will be filled in the 
order of receipt. Those who apply early 
are assured of accommodations in the 
hotel of their first choice. Expenses can 
be reduced still further if two people 
share a room or if three or more people 
share a suite. Upon request, all hotels 
will place comfortable rollaway beds in 
rooms or suites at $3 per night. 


Registration 


Both the technical, or program, ses- 
sions and the special sessions are open 
to all interested persons. Although reg- 
istration for these sessions is not man- 
datory, it is expected that all who 
attend will wish to pay the AAAS 
registration fee of $3 and thus contrib- 
ute their proportionate share to the 
heavy expenses of the meeting. (The 
registration fee for the husband or wife 
of a registrant, if a second General 
Program is not required, is $1.) 

Each registrant receives the General 
Program, convention literature, a list- 
ing in the Visible Directory of Regis- 
trants, and a Convention Badge; the 
latter assures him all privileges of the 
meeting, discounts on tickets of ad- 
mission to tourist attractions, and the 
like. The badge is required for admis- 
sion to the large-scale exhibits, the 
AAAS Science Theatre, the presidential 
reception, and the AAAS Smoker. Re- 
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freshments will be served at the last 
two events. 

Advance registration ($3.50, since 
prepaid postage is included) has some 
decided advantages: Delay at the regis- 
tration desks upon arrival is eliminated; 
since the General Program is sent out 
by first-class mail early in December, 
the advance registrant can determine at 
his leisure which events and sessions 
he particularly wishes to attend; and 
the registrant’s name is posted in the 
Visible Directory of Registrants as the 
meeting opens (the hotel room may be 
added later, by the registrant himself). 

An announcement on advance regis- 
tration, with a coupon, will also be 
found in the advertising pages of this 
issue and at intervals hereafter. 


AAAS Headquarters 


As stated in the Preliminary An- 
nouncement, for the AAAS as a whole, 
there will be coheadquarters hotels. The 
Commodore, with its large ballroom, 
will accommodate the evening events, 
general sessions, the AAAS business 
sessions, and the AAAS Pressroom. The 
Biltmore will house the AAAS Office, 
the Visible Directory of Registrants, 
the Annual Exposition of Science and 
Industry, and the AAAS Science Thea- 
tre. Each of the two hotels—located 
one and a half blocks apart, on two 
sides of Grand Central Station (they 
can be reached by underground pas- 
sages through the station)—will have 
AAAS Main Registration—Information 
Center facilities. 

The Commodore will ‘also accommo- 
date the American Society of Zoologists 
and Section N; the Biltmore will house 
the other biological and medical groups 
and some of the physical sciences as 
well. The Roosevelt will be headquar- 
ters for the American Astronomical 
Society, for the science teaching so- 
cieties, and for the social and economic 
sciences. The Belmont Plaza is the 
headquarters hotel for geology and 
geography, Section H, the History of 
Science Society, and other organiza- 
tions of the “L” series. At present, no 
sessions are scheduled in the Waldorf- 
Astoria, 49th Street and Park Avenue, 
but 400 of its sleeping rooms are 
available, at minimum rates. 

A detailed list of the headquarters 








for each section and participating or- | 


ganization is given below, since it is an 


obvious convenience for each person | 


attending the meeting to have this in- 
formation before he applies for room 
reservations. 


Other Hotel Headquarters 


AAAS sections are listed alphabeti- | 


cally and societies are listed in the 
same sequence, by discipline. 
Commodore (2000 rooms), 42nd 
Street and Lexington Avenue. 
AAAS (Board of Directors, Coun- 
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cil); General Events and Special Ses- 
sions; Pressroom. 

AAAS Committee on Science and 
the Promotion of Human Welfare; 
AAAS Sections F—Zoological Sciences, 
N-—Medical Sciences, and P-—Industrial 
Science. 

American Geological Institute, Na- 
tional Geographic Society. 

American Society of Zoologists. 

Federation of American Societies 
for Experimental Biology. 

Academy Conference, American 
Council on Women in Science, Con- 
ference on Scientific Communication, 
National Association of Science Writ- 


ers, National Science Foundation, New 
York Academy of Sciences, Scientific 
Research Society of America, Sigma 
Delta Epsilon, Society of the Sigma Xi, 
United Chapters of Phi Beta Kappa. 

Biltmore (1000 Rooms), 43rd Street 
and Vanderbilt Avenue. 

AAAS Office; Annual Exposition of 
Science and Industry; AAAS Science 
Theatre; Visible Directory of Regis- 
trants. 

AAAS Sections A—Mathematics, B-— 
Physics, G-—Botanical Sciences, I—Psy- 
chology, Nd—Dentistry, and O-—Agricul- 
ture. 

American Mathematical Society, As- 
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Comments continue to be re- 
ceived on the high quality of 
Hyland’s regular Calf Serum. 
It has unusually high content 
of alpha globulin (28 to 29% 
of the total protein content). 
Alpha globulin contains the 
fetuin component, which is 
required for growth, and in 
its presence most cells adhere 
to glass and assume a flattened 
appearance. Hyland Calf 
Serum is supplied in either 
liquid or freeze-dried form, in 
30 cc and 100 cc sizes. 

Wri a listing of 
the complete Hyland Tissue 
Culture line. In addition to 
the products already men- 
tioned, we offer a wide selec- 
tion of liquid and dried 
products in a practical variety 
of sizes. Our line embraces 
Serums and Serous Fluids, 
Embryo Extracts and Ultra- 
filtrates, Balanced Salt Solu- 
tions, Synthetic Media and 
special formulations. 

The Hyland Tissue Culture 
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inquiries about special form- 
ulas or products you would 
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sociation for Computing Machinery, 
Society for Industrial and Applied 
Mathematics. 

American Astronautical Society, 
American Institute of Physics, Ameri- 
can Meteorological Society, Sigma Pi 
Sigma. 

American Association of Clinical 
Chemists. 

Society of Systematic Zoology. 

American Institute of Biological Sci- 
ences, American Society of Naturalists, 
Beta Beta Beta Biological Society, Eco- 
logical Society of America, Mountain 
Lake Biological Station, Nature Con- 
servancy, Society for the Study of Evo- 
lution, Society of General Physiologists. 

Botanical Society of America, Myco- 
logical Society of, America, Torrey Bo- 
tanical Club. 

Alpha Epsilon Delta, American 
Physiological Society, American Psy- 
chiatric Association. 

American College of Dentists; Amer- 
ican Dental Association; International 
Association for Dental Research, North 
American Division. 

Society for Industrial Microbiology. 

American Geophysical Union. 

Roosevelt (1100 rooms), 44th Street 
and Vanderbilt Avenue. 

AAAS Cooperative Committee on 
the Teaching of Science and Mathe- 
matics. 

AAAS. Sections C-—Chemistry, D- 
Astronomy, K-Social and Economic 
Sciences, M—Engineering, Np—Phar- 
macy, and Q—Education. 

American Chemical Society. 


American Astronomical Society, 
Astronomical League. 

National Association of Biology 
Teachers. 

American. Economic Association, 


American Political Science Associa- 
tion, American Society of Criminology, 
American Sociological Association, 
American Statistical Association, Econ- 
ometric Society, Metric Association, 
National Academy of Economics and 
Political Science, National Institute of 


Social and Behavioral Sciences, Pi 
Gamma Mu National Social Science 
Honor Society, Social Science Re- 


search Council. 

Engineers Joint Council, Engineering 
Manpower Commission, Tau Beta Pi 
Association. 

American Association of Colleges of 
Pharmacy; American College of Apoth- 
ecaries; American Pharamaceutical As- 
sociation, Scientific Section; Ameri- 
can Society of Hospital Pharmacists; 
National Association of Boards of 
Pharmacy. 

Institute of Management Sciences. 

American Educational Research As- 
sociation, Council for Exceptional 
Children, National Association for Re- 
search in Science Teaching, National 
Science Teachers Association, Ameri- 
can Nature Study Society. 
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Conference on Scientific Manpower, 
National Academy of Sciences—Na- 
tional Research Council, Scientific 
Manpower Commission. 

Belmont Plaza (800 rooms), 49th 
Street and Lexington Avenue. 

AAAS Sections E-Geology and 
Geography, H—Anthropology, and L- 
History and Philosophy of Science. 

Association of American Geograph- 
ers, Geological Society of America, 
National Speleological Society. 

Conference on Scientific Manuscripts, 
History of Science Society, Philosophy 
of Science Association, Society for 
General Systems Research, Society for 
the History of Technology. 

RAYMOND L. TAYLOR 
Associate Administrative Secretary 


Forthcoming Events 
August 


15-23. Soil Science, 7th intern. cong., 
Madison, Wis. (R. Bradfield, Dept. of 
Agronomy, Cornell Univ., Ithaca, N.Y.) 

15-24. Crystallography, intern. cong., 
Cambridge, England. (W. H. Taylor, 
Cavendish Laboratory, Cambridge, Eng- 
land) 

15-25. Chemistry of Natural Products, 
IUPAC symp., Melbourne, Canberra, and 
Sydney, Australia. (Convener, Symposium 
Organizing Committee, Box 4331, G.P.O., 
Melbourne) 


15-25. International Geological Cong., 
21st session, Copenhagen, Denmark. 
(IGC, Mineralogical-Geological Museum, 
Univ. of Copenhagen, @ster Boldgade 7, 
Copenhagen K) 

15-25. International Paleontological Un- 
ion, Copenhagen, Denmark. (J. Roger, 
Service d’Information Geologique, B.R.G.- 
G.M., 74, rue de la Fédération, Paris 15°, 
France) 

15-25. Sedimentology Cong., 6th iniern., 
Copenhagen, Denmark. [General Secre- 
tary, IAS, c/o Institut Francais du Petrole, 
4, place Bir Hacheim, Rueil-Malmaison 
(Seine-et-Oise), France] 

16-18. Biological Effects of Microwave 
Radiation, 4th annual conf., New York, 
N.Y. (M. Eisenbud, New York Univ. Post 
Graduate Medical School, 550 First Ave., 
New York 16) 

16-19. Society of Automotive Engineers, 
San Francisco, Calif. (R. W. Crory, SAE, 
Meetings Operation Dept., 485 Lexington 
Ave., New York 17) 

17-19. Hydraulics Conf., Seattle, Wash. 
(W. H. Wisely, American Soc. of Civil 
Engineers, 33 W. 39 St., New York 18) 

17-19. University Nuclear Reactors, 
Gatlinburg, Tenn. (University Relations 
Div., Oak Ridge Inst. of Nuclear Studies, 
P.O. Box 117, Oak Ridge, Tenn.) 

17-21. Ionization Phenomena in Gases, 
4th intern. conf., Uppsala and Stockholm, 
Sweden. (A. Nilsson, Fysikum, Uppsala) 

18-19. Submarine and Space Medicine, 
2nd intern. symp., Stockholm, Sweden. 
(H. Bjurstedt, Laboratory of Aviation 
Medicine, Karolinska Institutet, Stockholm, 
60) 








FROM 
YOUR 
DEALER 


Asbestos Work Board 
Hot Glass Rest Didymium Goggles 
Sharp Flame Hand Torch Vernier Calipers 
Torch Stand 
Blowhose (2 extra 
mouthpieces) 
Spandle 


Crayon (2) 
Carbon Flat 


[Tit] BETHLEHEM GLASSBLOWING KIT 
with MANUAL 


for Chemists, Physicists, Engineers and Otaers To Construct, Repair, 
Modify Apparatus Systems, Glass to Metal Seals 





The Bethlehem Glassblowing KIT Contains 
Twin Tubing (2 sizes) Assorted Corks 


Tungsten Carbide Knife Wire Screen (3 pieces) 
Carbon Hex (2 sizes) 
Rollers (dual purpose) Ribbon Fire (gas-oxygen) Metal Kit Box 


BETHLEHEM APPARATUS COMPANY, INC. 


PRICE $246.00 
Write for 
Bul. K-60 


Brass Shaper 
Asbestos Paper (2 sizes) Beeswax 

Carbon Rods (2 sizes) Tungsten Tool 
Sodium Nitrite 
Tweezers (2 sizes) Pluro Stopper 


Ruler Manual 
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20. American Inst. of Ultrasonics in 
Medicine, Washington, D.C. (D. M. Still- 
well, Dept. of Physical Medicine and Re- 
habilitation, Univ. of Colorado Medical 
Center, Denver 20) 

21-24. Latin-American Cong. of An- 
giology, Rio de Janeiro, Brazil. (R. C. 
Mayall, Caixa Postal 1822, Rio de 
Janeiro) 

21-24. National Council of Teachers of 
Mathematics, Salt Lake City, Utah. (M. H; 
Ahrendt, 1201 16 St., NW, Washington 6) 

21-25. American Soc. of Pharmacology 
and Experimental Therapeutics, Seattle, 
Wash. (H. Hodge, ASPET Dept. of Phar- 
macology, Univ. of Rochester, Rochester, 
N.Y.) 

21-26. American Cong. of Physical 
Medicine and Rehabilitation, Washing- 
ton, D.C. (Mrs. D. C. Augustin, 30 N. 
Michigan Ave., Chicago 2, III.) 

21-26. Physical Medicine, 3rd intern. 
conf., Washington, D.C. (W. J. Zeiter, 
2020 E. 93 St., Cleveland, Ohio) 

21-6. Pacific Science Cong., 10th, 
Honolulu, Hawaii. (Secretary-General, 
10th Pacific Science Cong., Bishop Mu- 
seum, Honolulu 17) 

22-25. American Astronomical Soc., 
Mexico City, Mexico. (J. A. Hynek, Smith- 
sonian Astrophysical Observatory, 60 
Garden St., Cambridge 38, Mass.) 

22-25. American Physiological Soc.. 
San Francisco, Calif. (R. G, Daggs, APS, 
9650 Wisconsin Ave., NW, Washington 
14) 

22-26. Plasma Physics, symp., Gatlin- 
burg, Tenn. (University Relations Div., 
Oak Ridge, Inst. of Nuclear Studies, P.O. 
Box 117, Oak Ridge, Tenn.) 

22-26. Western Resources, 2nd annual 
conf., Boulder, Colo. (M. E. Garnsey, 
Dept. of Economics, Univ. of Colorado, 
Boulder) 

23-25. Assoc. for Computing Machin- 
ery, natl, Milwaukee, Wis. (J. Mosh- 
man, ACM, Council for Economic and 
Industry Research, 1200 Jefferson Davis 
Highway, Arlington 2, Va.) 

23-25. Cryogenic Engineering Conf., 
Boulder, Colo. (K. D. Timmerhaus, CEC, 
Dept. of Chemical Engineering, Univ. of 
Colorado, Boulder) 

23-26. American Statistical Assoc., an- 
nual, Palo Alto, Calif. (D. C. Riley, ASA, 
Beacon Bldg., 1757 K St., NW, Washing- 
ton 6) 

23-26. Biological Photographic Assoc., 
Salt Lake City, Utah. (Miss J. H. Waters, 
Box 1668, Grand Central Post Office, 
New York 17) 

23-26. Institute of Mathematical Statis- 
tics, annual, Stanford, Calif. (W. Kruskal, 
Dept. of Statistics, Eckhart Hall, Univ. of 
Chicago, Chicago 37, Ill.) 

23-28. American Ornithologists’ Union, 
Ann Arbor, Mich. (H. G. Diegnan, Divi- 
sion of Birds, U.S. National Museum, 
Washington 25) 

24-27. Forest Biology Conf., Seattle, 
Wash. (Miss E. N. Wark, Technical Assoc. 
of the Pulp and Paper Industry, 360 
Lexington Ave., New York 17) 

24-27. Internal Medicine, 6th intern. 
cong., Basel, Switzerland. (Secretariat, 6th 
ICIM, 13 Steinentorstre, Basel) 

24-2. International Union for the His- 
tory and Philosophy of Science, Stanford, 
Calif. (R. Taton, 64, rue Gay-Lussac, Paris 
5°, France) 
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-SPECTROFLUOROME 





unequalled 
for 
















VERSATILITY 





Pactand 


Versatile instrument for photo-fluorometric assay, identifica- inating than obtained through colorimetric or spectrophoto- 
tion and analysis of chemical constituents in the Ultraviolet, | metric methods. Can be used for micro or macro volumes. 
Visible and Infrared. Measurements are much more discrim- Models for manual, oscilloscope or chart recording available. 


Technical data available on request FARRAND OPTICAL co.., INC. 


‘ ks BRONX BLVD. AND EAST 238th STREET W YORK 70, N 
specify Bulletin No. 820S cee — Sc ue She 


Engineering, Research, Development, Design and Manufact f Precis 








PRECISION SCALES 


3 BASIC MODELS 
24 MODIFICATIONS 
Calibrated in 


GRAMS 
POUNDS AND OUNCES 
POUNDS AND DECIMALS 
PENNYWEIGHTS 
GRAINS 
ASSAY-TONS 


METTLER INSTRUMENT CORPORATION 
HIGHTSTOWN, NEW JERSEY 


Write to us today for full description of 
the modern METTLER precision scales. 





22 JULY 1960 235 











Cary Electrometers 
measure C™ activity of. 
less than 10~?* curies per 
mg BaC"™* Q3; H? activity 
9 10-?° curies per mg H® 


Save time, money and bench space: Electrometers « UV- 


e High sensitivity allows use of smaller quan- aca 
tities of expensive tagged compounds 


e Simplified operating procedures speed | 


analysis 
square foot of bench space 
APPLIED PHYSICS CORPORATION e 2724 South Peck Road, Monrovia, Calif. 


For information how Cary Electrometers can 


e Compact design requires little more than one 
serve you, ask for data file E 16-70 























SEPARATION 


: The Long Life Sieve is designed to allow the opera- 
4 _ tor to replace the screen upon failure. The savings in 
§ cost of testing is realized when the cost of the re- 
placement of the screen alone is compared with the 
cost of the replacement of the sieve screen unit as 
now practised. The frame of the sieve is constructed 
of chrome plated brass. 


Vac-Pres Filters are bacteriological filters 
which may be used for vacuum or pressure fil- 
tration. These filters are available in 10 ml, 50 
ml and 250 ml capacities. Other sizes upon re- 
quest. The Vac-Pres Filters manufactured of 
brass with the interior silver plated and the 
exterior chrome plated. Stainless steel also 
available. 


The CSI High Speed Angle Centrifuge 
gives the laboratory worker a reliable 
and modern high speed centrifuge with 
v, maximum safety and flexibility by its 
J unit design and interchangeable stand- 
nd : Cr5y ard rotors. Speed 14,000 rpm plus. 
i (Pat No. 2,699,289) 


BROCHURE AND PRICE UPON REQUEST 


CUSTOM SCIENTIFIC INSTRUMENTS, Inc. 


541 DEVON STREET KEARNY, N. J. 
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25-27. Chemical Organization of Cells, 
2nd conf., Madison, Wis. (J. F. A. Mc- 
Manus, Dept. of Pathology, Univ. of 
Alabama Medical Center, Birmingham) 

25-3. High Energy Nuclear Physics, 
intern. conf., Rochester, N.Y. (W. A. 
Jamison, Dept. of Physics and Astronomy, 
Univ. of Rochester, Rochester 20) 

27-30. International Union of Biologi- 
cal Sciences, section of embryology, Pal- 
lanza, Italy. (F. E. Lehmann, Kuhnweg 
10, Berne, Switzerland) 

28-31. American  Phytopathological 
Soc., Green Lake, Wis. (W. B. Hewitt. 
Dept. of Plant Pathology, Univ. of Cali- 
fornia, Davis) 

28-31. Potato Assoc. of America, Green 
Lake, Wis. (R. L. Sawyer, Long Island 
Vegetable Research Farm, Cornell Univ., 
Riverhead, N.Y.) 

28-31. Soil Conservation Soc. of Amer- 
ica, Guelph, Ontario, Canada. (H. W. 
Pritchard, 838 Fifth Ave., Des Moines 14, 
Iowa) 

28-1. American Inst. of Biological Sci- 
ences, annual, Norman, Okla. (H. T. Cox. 
AIBS, 2000 P St., NW, Washington 6) 

The following 20 meetings are being 
held in conjunction with the AIBS meet- 
ing at Stillwater, Okla. 

American Bryological Soc. (G. J. Iken- 
berry, Dept. of Botany and Plant Patholo- 
gy, Oklahoma State Univ., Norman) 

American Fern Soc. (U. T. Waterfall. 
Dept. of Botany, Oklahoma State Univ.. 
Norman) 

American Microscopical Soc. (R. W. 
Jones, Dept. of Zoology, Oklahoma State 
Univ., Norman) 

American Soc. for Horticultural Science. 
(D. G. White, Dept. of Horticulture, Okla- 
homa State Univ., Norman) 

American Soc. of Limnology and Ocean- 
ography. (T. C. Dorris, Dept. of Zoology, 
Oklahoma State Univ., Norman) 

American Soc. of Plant’ Physiologists. 
(C. L. Leinweber, Dept. of Botany and 
Plant Pathology, Oklahoma State Univ., 
Norman) 

American Soc. of Plant Taxonomists. 
(U. T. Waterfall, Dept. of Botany, Okla- 
homa State Univ., Norman) 

American Soc. of Zoologists. (R. W. 
Jones, Dept. of Zoology, Oklahoma State 
Univ., Norman) 

Biometric Soc. (ENAR). (C. Marshall, 
Statistics Laboratory, - Oklahoma State 
Univ., Normaii) 

Botanical Soc. of America. (W. W. Han- 
son, Dept. of Botany and Plant Physiology, 
Oklahoma State Univ., Norman) 

Ecological Soc. of America. (A. Stebler. 
Oklahoma Cooperative Wildlife Research 
Unit, Oklahoma State Univ., Norman) 

Genetic Soc. of America. (H. Bruneau, 
Dept. of Zoology, Oklahoma State Univ., 
Norman) 

Mycological Soc. of America. (J. E. 
Thomas, Dept. of Botany and Plant Path- 
ology, Oklahoma State Univ., Norman) 

National Assoc. of Biology Teachers. 
(T. Overmire, 1709 Admiral Rd.,  Still- 
water, Okla.) 

Nature Conservancy. (A. Stebler, Okla- 
homa Cooperative Wildlife Research Unit. 
Oklahoma State Univ., Norman) 

Phi Sigma Soc. (D. E. Howell, Dept. 
of Entomology, Oklahoma State Univ., 
Stillwater) 
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Phycological Soc. of America. (I. V. 
Holt, Dept. of Botany, Oklahoma State 
Univ., Norman) 

Society for Industrial Microbiology. 
(R. C. Alired, Central Research Labora- 
tory, Continental Oil Co., Ponca City, 
Okla.) 

Society for the Study of Development 
and Growth. (R. W. Jones, Dept. of Zoolo- 
gy, Oklahoma State Univ., Norman) 


Society of Protozoologists. (D. W. 
Twohy, Dept. of Zoology, Oklahoma 
State Univ., Norman) 


Tomato Genetics Cooperative. (D. G. 
White, Dept. of Horticulture, Oklahoma 
State Univ., Norman) 


28-1. Association of American Geog- 
raphers, East Lansing, Mich. (M. F. Bur- 


rill, Office of Geography, Dept. of In- 
terior, Washington 25) 
28-1. Diseases of the Chest, intern. 


cong., Vienna, Austria. (M. Kornfeld, 
E. Chestnut St., Chicago 11, Ill.) 
28-2. Combustion, 8th intern. symp., 
Pasadena, Calif. (Office of Industrial As- 
sociates, California Inst. of Technology, 
Pasadena) 
28-2. International Pharmaceutical Fed- 


112 


eration, Copenhagen, Denmark. (A. W. 
Ténnesen, Bispebjerg Hospital, Copen- 
hagen, N.V.) 


28-2. International Soc. for the Welfare 
of Cripples, world cong., New York, N.Y. 
(D. V. Wilson, 701 First Ave., New York 
17) 

28-3. Electron Microscopy, European 
regional conf., Delft, Netherlands. (A. 
L. Housink, Lab. v. Microbiologie, Julia- 
nalaan 67A, Delft) 

28-3. Histochemistry and Cytochemis- 
try, Ist intern. cong., Paris, France. (R. 
Wegmann, Institut d’Histochimie Medi- 
cale, 45, rue des Saints-Péres, Paris 6°) 

29-31. American Sociological Assoc., 
New York, N.Y. (D. R. Young, Russell 
Sage Foundation, 505 Park Ave., New 
York) 


American Societies), annual, Montreal, 
Canada. (E. Harpur, Montreal Children’s 


Hospital, Montreal) 
29-31. Electron Microscope Soc. of 
America, 18th annual, Milwaukee, Wis. 


(W. C. Bigelow, Dept. of Chemical and 
Metallurgical Engineering, Univ. of 
Michigan, Ann Arbor) 

29-31. Metallurgy of Elemental 
Compound Semiconductors, Boston, Mass. 
(E. O. Kirkendall, AIME, 29 W. 39 St., 
New York 18) 

29-31. Water Quality Measurement and 
Instrumentation, PHS symp., Cincinnati, 
Ohio. (R. T. Hyde, Robert A. Taft Sani- 
tary Engineering Center, 4676 Columbia 
Parkway, Cincinnati 26) 

29-1. Ballistic Missile and Space Tech- 
nology, 5th symp., Los Angeles, Calif. (C. 
T. Morrow, Space Technology Labora- 
tories, P. O. Box 95001, Los Angeles 45) 

29-1. Mathematic Assoc. of America, 
41st summer, East Lansing, Mich. (H. M. 
Gehman, Univ. of Buffalo, Buffalo 14, 
N.Y.) 

29-2. Semiconductors, 5th intern. conf., 
Prague, Czechoslovakia. (M. Matyas, Inst. 


of Technological Physics, Cukrovarnicka | 


10, Prague 5) 
29-3. American Mathematical Soc., natl. 
summer, East Lansing, Mich. (Miss L. 
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A. ACE McLEOD GAUGE — Cat. No. 8726. 

Accurate to within +3%. The most convenient and economical instru- 
ment for measuring low pressures from 1 micron up. Ace McLeod Gauge, 
now supplied with Hammertone gray stand, has new metal locking de- 
vice with position holding action eliminating the need for glass hooks 
and springs. Gauge will hold to any position to which it is rotated. Cali- 
brated TRUBORE® Tubing assures accuracy and changeability in each 
of the following pressure ranges: 


Type Pressure Range Lowest Reading Type Pressure Range Lowest Reading 
mm. Hg. mm. Hg. mm. Hg. mm. Hg. 
A 0-1.0 0.001 Cc 0-10.0 0.010 
B 0-5.0 0.005 D 0-15.0 0.050 


B. VACUUM GAUGE, MERCURY MANOMETER — Cat. No. 7500. 
Mounted on metal stand with adjustable plastic scale. Graduated 1 mm. 
from central zero point. Side arm with § 12/30 joint simplifies filling, 
dismantling for cleaning. Complete with mercury. 

C. VACUUM GAUGE — Cat. No. 7505. 

Compact design for use with a 3 neck flask or Ace Reaction Flask. Gradu- 


ated on both tubes from —5 to +70 mm. Complete with mercury in 
these joint sizes: § 19/38, 24/40, 29/42. 


For details on these and other gauges, consult Catalog 60 
or write Dept. S for your copy. 


ACE GLAS> 


INCORPORATED 


, aad N. Jd. 


Circle No. 237 on Readers’ Service Card 


Louisville, Ky., 


Springfield, Mass. 
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Charron, AMS, Administrative Services, 
190 Hope St., Providence, R.I.) 

29-3. International Cong. on Low 
Temperature Physics, Toronto, Canada. 
(IUPAP, 3, boulevard Pasteur, Paris 15°, 
France) 

29-3. International Conf. on Nuclear 
Structure, Kingston, Ontario, Canada. (L. 
G. Elliott, Atomic Energy of Canada, 
Chalk River, Ontario, Canada) 

29-16. World Forestry Conf., 5th, 
Seattle, Wash. (I. T. Haig, 5th WFC, 
Dept. of State, Washington 25) 

31-6. International cong. de Sociologie, 
19th, Mexico City, Mexico. (C. C. Zim- 
merman, 200 Emerson Hall, Harvard 
Univ., Cambridge 38, Mass.) 

31-7. Applied Mechanics, 10th intern. 
cong., Stresa, Italy. (F. Rolla, Consiglio 
Nazionale delle Ricerche, Ufficio Re- 
lazioni Internazionali, Piazza delle Sci- 
enza 7, Rome, Italy) 


31-7. British Assoc. for the Advance- 
ment of Science, annual, Cardiff, South 
Wales. (Secretary, BAAS, 18 Adam S&t., 
Adelphi, London, W.C.2, England) 


September 


1-3. Nephrology, ist intern. cong., 
Geneva and Evian, Switzerland. (G. Rich- 
et, H6pital Necker, 149 rue de Sévres, 
Paris 15°, France) 

1-7. American Psychological Assoc., 
Chicago, Ill. (L. F. Carter, 249 Mantua 
Rd., Pacific Palisades, Calif.) 

1-7, Nutrition, 5th intern. cong., Wash- 
ington, D.C. (M. O. Lee, 9650 Wisconsin 
Ave., Washington 14) 

2-5. Astronomical League, Haverford, 
Pa. (R. Dakin, 720 Pittsford-Victor Rd., 
Pittsford, N.Y.) 

3-10. International Cong. of Preventive 
Medicine and Social Hygiene, 8th, Bad 








B/A Flame Photometer Condensed Specifications. Metals An- 
alyzed and Guaranteed Sensitivity (1% of full scale): 


Write today for more Metal 
complete information. Na 


ti 
Reproducibility: nel —y av. Size: 15”x 17” x 16” Wet.: 35 ibs. 


BAIR D-ATOMIC,/NC. 
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Aussee, Austria. (A. Rottmann, Liechten- 
steinstrasse 32/4, Vienna 9, Austria) 

4-9. Cell Biology, 10th intern cong., 
Paris, France. (M. Chévremont, Institut 
d’Histologie, 20, rue de Pitteurs, Liege, 
Belgium) 

4-9. Laurentian Hormone Conf., Mont 
Tremblant, Quebec, Canada. (Arrange- 
ments Committee, Laurentian Hormone 
CGonf., 222 Maple St., Shrewsbury, Mass.) 

4-10. International Soc. of Orthopaedic 
Surgery and Traumatology, 8th cong., New 
York, N.Y. (A. Bailleux, Société de Chi- 
rurgie Orthopedique et de Traumatologie, 
34, rue Montoyer, Brussels, Belgium) 

4-10. World Cong. of Anaesthesiologists, 
Toronto, Canada. (R. A. Gordon, 516 
Medical Arts Bldg., Toronto 5) 

4—14. International Societies of Hema- 
tology and Blood Transfusion, 8th cong., 
Tokyo, Japan. (S. Murakami, Blood Trans- 
fusion Laboratory, Japanese Red Cross 
Soc., Shibuya, Tokyo) 

5-7. Society for Biological Rhythm, 7th 
conf., Siena, Italy. (A. Sollberger, Dept. 
of Anatomy, Caroline Inst., Stockholm 60) 

5-9. Chemical Engineering (Czecho- 
slovak Chemical Soc.), Prague, Czecho- 
slovakia. (Technicka 1905, Prague-Deijvice, 
Czechoslovakia ) 

5-10. Microbiology of Non-Alcholic 
Beverages, 5th intern. symp., Evian, 
France. (D. A. A. Mossell, Intern. Assoc. 
of Microbiological Societies, c/o Central 
Inst. for Nutrition Research, Catherinjne- 
singel 61, Utrecht, Netherlands) 

5-9. Medium and Small Power Reac- 
tors, conf., Vienna, Austria. (International 
Atomic Energy Agency, 11 Kirntner Ring, 
Vienna 1) 

5-10. Operational Research, 2nd intern. 
conf., Aix-en-Provence, France. (Interna- 
tional Federation of Operational Research 
Societies, 11 Park Lane, London, W.1) 

5-12. International Soc. of Bioclima- 
tology and Biometerology, 2nd cong., Lon- 
don, England. (E. M. Glaser, Dept. of 
Physiology, .. London Hospital Medical 
College, Turner St., London, E.1) 

5-15. International Scientific Radio 
Union, London, England. (R. L. Smith- 
Rose, Radio Research Station, DSIR, Dit- 
ton Park, Slough, Bucks, England) 

5-17, Photogrammetry, 9th intern. cong., 
London, England. (J. B. P. Angwin, Intern. 
Soc. for Photogrammetry, 18 Cavendish 
Sq., London, W.1) 

6-8. Nuclear and Radio-Chemistry, 
symp., Chalk River, Ontario, Canada. 
(R. H. Betts, Atomic Energy of Canada 
Ltd., Chalk River, Ontario) 

6-17. Use of Radioactive Isotopes in 
the Physical Sciences and industry, conf., 
Copenhagen, Denmark. (International 
Atomic Energy Agency, 11 Karntner 
Ring, Vienna 1, Austria) 

7-8. Canadian Textile Seminar, 7th, 
Kingston, Ontario, Canada. (J. M. Merri- 
man, Textile Technical Federation of 
Canada, 223 Victoria Ave., Westmount, 
P.Q., Canada) 

7-9. Canadian High Polymer Forum, 
10th, Ste. Marguerite, near Montreal, 
Quebec, Canada. (D. A. I. Goring, CHPF, 
Pulp and Paper Research Inst., McGill 
Univ., Montreal) 

7-9, International Soc. of Geographical 
Pathology, 7th conf., London, England. 
(J. S. Young, ISGP, c/o Dept. of Patholo- 
gy, Forresterhill, Aberdeen, Scotland) 
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ELECTRONIC 


Hi ELLER CONTROLLED 
LAB MIXER 


PROVIDES: 
e CONSTANT TORQUE 


e VARIABLE DC SPEEDS 
FROM AC LINES 











e Thyratron tubes on the 
Heller GT-21 controller sup- 
ply demanded current by 
converting power in stepless 
variation to the direct cur- 
rent motor. Assures con- 
stant torque as mixes become 
either viscous or fluid. Vari- 


. * ° able, reversible motor has 
ce direct and gear drive. Arma- 

Complete with ture shaft speed, 0-5000 rpm. 
attachments [Ot Gear shaft 18:1 ratio.Chuck, 
F.0.B. Las Vegas shafts, 3-step pulley included. 


Order from your Laboratory Supply Dealer or write- 


GERALD K. HELLER CoO. 


1819 Industrial Road Las Vegas, Nevada 


















Antisera and Antigens 


Enteropathogenic Coli Klebsiella 
Salmonella Shigella 
Brucella Leptospira Streptococci 
* 

C Protein Antiserum and Standard 


* 


Infectious Mononucleosis Antigens 


and Standards 


Stable 


Potent 
Specific 


Descriptive literature available on request 
Specify 
DIFCO LABORATORY PRODUCTS 
BIOLOGICS CULTURE MEDIA 
REAGENTS 




















Artificial 
Respiration Pump 
for Small Mammals 


Catalog Number 607 


The 607 is a compact, piston-type ventila- 
tion pump. Its wide range of rates and 
volumes makes it suitable for cats, dogs and 
other small mammals. Due to electronically- 
controlled variable speed motor, rates can be 
changed steplessly while in operation. Motor 
and control box are protected by overload 
relay reset switch. Four-way slide valve pro- 
vides separate ports for inspiration and ex- 
piration with a minimum of dead space. 
Negative pressure may be applied at exhaust 
port, or expired air may be collected or re- 
cycled. Pump is mounted on solid aluminum 
casting 8” x 18” x 10”, finished in gray Ham- 
mertone lacquer. All parts are nickel-plated. 





SPECIFICATIONS 


Volume: adjustable up to 750 cc. 

Rates: 7-50 strokes/min. continuously adjustable 

Motor: 1/15 H.P. for 115 volt A.C. operation 

Control Box: Variac and rectifier combination with 
calibrated speed dial 

Valves: flutter type of neoprene-impregnated nylon 

Pump: nickeled brass with neoprene piston rings 


$450.00—f.0.b. Dover, Mass. 


Data Sheet 607 and Catalog available on request 


HARVARD APPARATUS CO.,.INCG. -« 


Dover, Mass., U.S.A. 


(a non-profit organization) 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 
formation, A coupon for use in mailing inquiries 
concerning the items listed is included in the post 
card insert. Circle the department number of the 
items in which you are interested on this coupon. 


™ RELAYS are hermetically sealed mer- 
cury types said to be capable of opera- 
tion at temperatures as high as 1200°F. 
Sliding contacts are used to avoid con- 
tact bounce. The relays are filled with 
dielectric gas of high arc-quenching 
value. (Sorrels-Johnson Corporation, 
Dept. Sci627, 363 Rantoul St., Beverly, 
Mass. ) 


™ PROPORTIONING PIPETTES use a peri- 
staltic pump to dispense equal aliquots 
of liquid. One model of the device per- 
mits dial selection for automatic de- 
livery of up to 20 multiples of a fixed 
aliquot per operation. A second model 
transfers integral multiples of the ali- 
quot until stopped by the operator when 
the required member appears on a 
counter. Nominal volume is 0.3 ml/rev. 
An alternative flexible tube for 0.2 
ml/rev is available. Deviation of total 
volume delivered by a number of revo- 
lutions is said to be less than +1 per- 
cent of the mean volume per single 
revolution. (Baird & Tatlock Ltd., 
Dept. Sci623, Chadwell Heath, Essex, 
England) 





CLEANEST CLEANEST CLEANEST CLEANEST CLEANEST CLEANEST CLEAP 















Made especially for the exacting requirements of 
LABORATORY, HOSPITAL AND MEDICAL USE! 


MORE EFFECTIVE than any known detergent in 
powder form or any liquid detergent that costs four 


times as much! 


Also makers of ALCOJET for all equipment washed by 
machine and ALCOTABS in tablet form for all pipette 


washers. 


Order from your supplier or ask him for samples 


and FREE Cleaning Guide. 


Sold by All Leading Laboratory, Hospital and Sur- 
gical Supply Dealers in the United States as well 


< _ CLEANEST CLEANEST CLEANEST CLEAR 


EANEST CLEANEST CLEANEST CLE 


CLEANEST CLEA 
‘EST CLEANEST C 
CLEANEST CLE 
CLEANEST CLEA 


-LEANEST C 
‘“T CLEA? 
AEST CLE 


EANEST CLEANEST CLEAr 
ANEST CLEANEST CL 


Meets Highest 
Government Specifications 


CANADA - ENGLAND + SWITZERLAND + BELGIUM - NETHERLANDS - MEXICO 
VENEZUELA - PERU + BRAZIL - PANAMA + PUERTO RICO - HAWAII and 
BELGIAN CONGO 


rN mete) \le> ml lomm:]-tcM-1-ley-Vell.7-\ am | tae 40). 1 ac 
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™ KELVIN BRIDGE measures resistance 
from 10 pohm to 100 ohm. Test leads 
more than 100 ft long may be em- 
ployed with accuracy +0.25 percent 
above 100 pohm and +1 pohm below 
100 pohm. Test leads of any length 
are available with either C-clamp or 
spring-clamp terminations. (Shallcross 
Manufacturing Co., Dept. Sci626, 
Selma, N.C.) 


™ GAS DETECTOR is a portable instrument 
with probe-type detector connected by 
up to 100 ft of cable. Calibration is in 
percentage of lower explosion limit of 
desired gas. An adjustable meter trip 
provides buzzer alarm actuation. An 
adjustable current meter allows approx- 
imate classification of gas constituents 
in many gas mixtures. A battery and 
charger are built in and the instrument 
may also be operated from a 110-volt 
a-c source. (Houston Instrument Corp., 
Dept. Sci628, P.O. Box 22234, Houston 
215, VOR.) 


® ADMITTANCE BRIDGE for the range 30 
to 300 Mcy/sec uses a thermistor ele- 
ment in a servo feedback system as 
conductance standard. Accuracy is said 
to be +2 percent over the entire fre- 
quency range. Capacitance range is 
+40 pf and conductance range is 0 to 
50 mmho. Voltage applied to the com- 
ponent under test is usually less than 
50 mv. Signal sources and detectors 
are separately available. (Marconi In- 
struments, Dept. Sci625, 111 Cedar 
Lane, Englewood, N.J.) 


™ RANDOM-SIGNAL CORRELATOR, may be 
used to measure the normalized cross 
correlation between two signals, either 
random or periodic. Frequency range is 
2 cy to 250 kcy/sec. Input voltage 
range is 20 mv to 2 vr.m.s., and gain is 
continuously adjustable from 1 to 100 
in each channel. Accuracy is said to 
be +1 percent. An output selector per- 
mits selection of either of the two 
signal channels or of the correlated 
signal. After the two channels have 
been equalized, positive or negative cor- 
relation can be read directly on an 
r.m.s. voltmeter. (Flow Corp., Dept. 
Sci634, 85 Mystic St., Arlington, Mass. ) 


® ALIPHATIC ACIDS, their methyl esters, 
alcohols, and amines from Cs to Cis are 
available with purity said to be 99.5 
percent as judged from vapor-phase 
chromatograms. Purification is effected 
by vacuum fractionation. (Lachet Bio- 
chemical Co., Dept. Sci640, 2202 W. 
107th Pl., Chicago 43, IIl.) 


™ VOLATILE MATTER DETERMINATION 
in coal and coke, according to ASTM 
method D271-48, is aided by apparatus 
that controls automatically the rate at 
which the sample crucible is lowered 
and the length of time it remains in the 
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Excellence in Electronics 


completely packaged 
microwave power 


the unusual advantages 


If you have requirements for high-power breakdown of gas- 
represented in this new Raytheon equipment. 


free-radical production, 
and spectroscopy 

with Raytheon’s 
generator systems 


lamps you will want to investigate 


for photochemistry, 
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Aundwos 


You Get Things Done With 
Boardmaster Visual Control 


Gives Graphic Picture of Your Operations— 
Spotlighted by Color 

Facts at a Glance—Saves Time, 
Money, Prevents Errors 

Simple to operate—Type or Write on Cards, 
Snap in Grooves 
Ideal for Production, 
Scheduling, Sales, Etc. 
Made of Metal. Compact and Attractive 
Over 500,000 in Use 


Saves 


Traffic, 


Inventory, 


Complete price 49" including cards 


24-PAGE BOOKLET NO. BF-50 
Without Obligation 


Write for Your Copy Today 


GRAPHIC SYSTEMS 


Yanceyville, North Carolina 


Circle 242,1 


PARR Apparatus 


for reactions at elevated 
pressures and temperatures 


Hydrogenation and other reactions require 
ing heat and pressure up to 350 C. and 
6000 psig. can be handled conveniently 
in the PARR Series 4000 rocker apparatus, 
Units with either 500 or 1000 ml. 1316 
stainless steel bombs are furnished com- 
plete with glass liner, safety rupture disk, 
vapor trap to protect the pressure gage, 
electric heater with built-in dial ther. 
mometer, variable transformer for manual 
temperature control, a sturdy oscillating 
mechanism, and all necessary connections 
and valves for adding gas under pressure 
while rocking. 
Ask for Specification 4000 


INSTRUMENT COMPANY 
MOLINE, ILLINOIS 


Circle 242,0 








furnace. Three dials allow selection 
from a variety of rates of descent and 
heating times. Two samples are accom- 
modated by the apparatus at one time. 
(Laboratory Equipment Corp., Dept. 
Sci642, P.O. Box 151, St. Joseph, 
Mich.) 


™ THIN SECTIONING MACHINE cuts 
dentive sections as thin as 35 » and 
crystal sections as thin as 0.005 to 0.10 
in. Sections may be cut from specimen 
blocks %4 by 1% by 3 in. in less than 
5 minutes. Sections are said to be pro- 
duced with finished surfaces ready for 
use in routine examinations without 
polishing. (Will Corporation, Dept. 
Sci 644, P.O. Box 3927, Brighton Sta- 
tion, Rochester 10, N.Y.) 


®@ ADJUSTABLE-LEAK VALVE consists of a 
vacuum-valve body containing a sealed 
stem actuated by a vernier drive. A 
groove machined along the axis of the 
stem of the valve increases in depth at 
a controlled rate per unit length. Effec- 
tive opening ranges from 0 to 0.000024 
in.” and leak rate ranges to 1.8 std 
cm*/sec for 25 turns of the valve. (Vac- 
tronic Lab Equipment, Inc., Dept. Sci 
646, East Northport, N.Y.) 


™ PULSE GENERATOR produces pulses of 
Y2 psec duration at repetition frequen- 
cies between 0.5 and 150 Mcy/sec. 
Pulses can be continuously varied over 
a 10-to-1 range in steps up to 50 psec. 
Amplitude is 300 volts peak to peak 
into a 93-ohm load. The unit can be 
self-triggered or synchronized exter- 
nally up to 30 kcy/sec. Calibrated de- 
lay ranges to 11,000 psec are provided. 
(Arenberg Ultrasonic Laboratory, Inc., 
Dept. Sci647, 94 Green St.,. Jamaica 
Plain 30, Mass.) 


™ ANALOG-TO-DIGITAL CONVERTER will 
directly convert the amplitude of car- 
rier system voltages to digital codes 
without intermediate a-c-to-d-c conver- 
sion. The unit is reversible and as a 
digital-to-analog converter it converts 
parallel digital codes to a-c carrier volt- 
ages. The amplifier, comparator, and 
conversion networks will accept fre- 
quencies to 100 kcy/sec yielding accu- 
racies said to be +0.02 percent +% 
count. Units are available for conver- 
sion of voltage to 8-to-13 bit binary or 
to binary-decimal codes of 2, 3, or 4 
digits resolution. (Epsco, Inc., -Dept. 
Sci649, 275 Massachusetts Ave., Cam- 
bridge, Mass. ) 


™ HIGH-SPEED CAMERA SYSTEM consists 
of the camera, camera control unit, 
light control unit, and flash lamp. In 
the camera a rotating mirror spun by 
an air turbine sends the image to the 
rim of-a circular film box. The camera 
control unit contains the elements nec- 
essary for operation of the Kerr-cell 
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de Fonbrune Micromanipulator — Has 
Smooth, Uniform Pneumatic Movement 





Improved de Fonbrune 
Micro-Forge With 
Binocular Body 


Specifically developed 
for use in the fabrica- 
tion of simple and 
intricate micro-tools of 
glass or metal under 
controlled conditions. 
Use of the de Fonbrune 
micro-forge is recom- 
mended with any type 
micromanipulator. The 
forge is now built with 
binocular stereoscopic 
microscope. With this 
modification, the im- 
age is observed erect — 
not inverted — in three 
dimensions, an import- 
ant factor in rapid, 
accurate work. 














DIVISION OF BRUNSWICK CORPORATION 
General Offices: 1831 Olive, St. Louis 3, Missouri 
FULLY STOCKED DIVISIONS COAST-TO-COAST 


Affords new simplicity and flexibility 
for micro-studies in biological or 
chemical technics 


The de Fonbrune micromanipulator has 
proved to be of great value in micro- 
studies in many fields. In biology the 
instrument is used in cell dissection and 
isolation . . . micro-injection and operation 
on protozoa . . . pH studies on living cells 

. . isolation and transfer of single bacteria, 
etc. It has proved equally serviceable in 
study of fibers and yeast cells, in investigat- 
ing oils, rust deposits, colloidal, and other 
materials. 


Manufactured under exclusive license o 
the French patents, the instrument con- 
sists of a manipulator and receiver. Use 
with any microscope . arranged for 
right or left hand operation. The micro- 
tool is mounted on the receiver; impulses 
from the manipulator are ‘transmitted to 
the tool through sensitive pneumatic mem- 
branes. Within a range of 3 mm, the micro- 
instrument may be moved in any plane or 
angle by a single control. Ratio of displace- 
ment of control lever and micro-tool may 
be adjusted from 1:50 to 1:2500. 


Write for prices and descriptive bulletin T114. 








| 
| 
| 
| 






electro-optical shutter. The flash lamp 
is a standard high luminosity electronic 
flash unit. Framing rate is 480 to 1.6 
million pictures per second, depending 
on mirror speed and frame size. At the 
maximum rate, 960 one-quarter frame 
35-mm pictures are taken in one run. 
Exposure time is adjustable from 0.05 
usec. to 1.0 psec, independent of fram- 
ing rate. Camera and light source are 
triggered by an external electrical signal. 
Delay between trigger and start of 
photography is continuously variable 
from 0.00004 to 0.01 sec. (Benson- 
Lehner Corporation, Dept. Sci645, 
1860 Franklin St., Santa Monica, Calif.) 


™ BLACK BODY INFRARED SOURCE is a 
miniature unit designed for calibrating 
the seeking head of infrared guided 
missiles and other infrared sensitive 
elements in the 200° to 600°C tempera- 
ture range. Temperature control is pro- 
vided by a separate unit which senses 
the temperature of the radiating core 
by means of a platinum resistance ther- 
mometer. The radiating element is a 
pure silver core with a conically shaped 
cavity. The surface of the cone is 
coated with a refractory material to 
increase its emissivity to near unity. 
(Perkin-Elmer Corp., Dept. Sci658 
Norwalk, Conn.) 





Now available from | 
BAKER & ADAMSON’... 


A new label... a new source. Baker & 
Adamson is now an additional source for 
Lindsay Chemical’s rare earth, thorium 
and yttrium compounds. The unique 
properties of these chemicals are currently 
being utilized in a wide range of products. 
To name a few: carbons for arc lighting, 
lighter flints, TV tube manufacture, cam- 
era lenses, ceramic stains, alloys, paint 
driers, microwave equipment. 









RARE BARTS 





soar 28 
Seveeicon Posen k Cheam APRESS RENCTESS* 


The Complete Line of eT Rare Earth, 


Thorium and Yttrium Compounds 


ee2in jaboratory or production quantities! 


General Chemical is pleased to an- 
nounce an important addition to its 
Baker & Adamson reagents and fine 
chemicals: 
. « . the complete line of rare earth, 
thorium, and yttrium chemicals made 
by America’s foremost producer of 
these vital specialty products, Lindsay 
Chemical Division of American Potash 
& Chemical Corporation. 

These chemicals represent an im- 
portant addition to the more than 


1,000 laboratory and scientific chemi- 
cals available from B&A, and meet the 
same high quality standards. They are 
available in small packages and com- 
mercial quantities, thus providing you 
with a single source for all your needs 
. .. for laboratory, product develop- 
ment, and process use. 

For full particulars, data sheets and 
technical information, phone or write 
your nearest General Chemical office. 
*T.M. American Potash & Chemical Corporation. 


BAKER & ADAMSON® Reagents and Fine Chemicals 


llied 


hemical 





GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y, 


Offices: Albany ¢ Atlanta _* Baltimore * Birmingham ¢ Boston * Bridgeport * Buffalo ¢ Charlotte 

Chicago * Cleveland * Denver * Detroit * Houston * Jacksonville * Los Angeles * Milwaukee 

Minneapolis * New York ¢ Philadelphia * Pittsburgh * Portland (Ore.) * Providence « St. Louis 
n Francisco ¢ Seattle 
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™ MOUSE BREEDING BOXES, made ot 
polyethylene, can be sterilized by auto- 
clave. A smooth finish is said to prevent 
capillary action, and a built-in nesting 
feature prevents sticking. Punched lips 
for drying on washer conveyer are 
available. (Consolidated Molded Prod- 
ucts Corp., Dept., Sci652, 329 Cherry 
St. Scranton 2, Pa.) 


H DIGITAL DISPLAY UNIT can also serve 
as a general-purpose oscilloscope. The 
unit provides a 6- by 10-cm raster pres- 
entation of digital data shown as cath- 
ode-ray-beam modulation by means of 
bistable intensity circuits. Positive-going 
pulses of 2 volts or greater intensify the 
trace while negative-going slopes of 2 
volts extinguish the trace. Horizontal 
sweeps are generated internally at 5 to 
50,000/sec. External sweeps may also 
be supplied with full-scale deflection 
produced by 300 mv. Step voltages hav- 
ing amplitudes from 600 mv to 30 volts 
with rise times up to 0.07 psec produce 
a full-scale vertical raster. (Waterman 
Products Co., Inc., Dept. Sci650, 2445 
Emerald St., Philadelphia 25, Pa.) 


= pH METER is a direct-reading instru- 
ment incorporating both a 0-to-14 pH 
scale and an expanded scale with 2.0 
pH full-scale graduated in 0.1 pH units, 
Any 2-pH span can be selected for full- 
scale expansion. pH measurements are 
said to be accurate to +0.003 pH. Mil- 
livolt readings may be obtained over 
any 200-mv span from 0 to 1400 mv 
with accuracy said to be +2 mv and 
repeatability +0.3 mv. (Beckman Sci- 
entific and Process Instruments Divi- 
sion, Dept. Sci643, 2500 Fullerton Rd., 
Fullerton, Calif.) 


= TIMING SYSTEM includes a crystal- 
and oven-controlled frequency stand- 
ard; a frequency divider which furn- 
ishes 60 cy/sec; a stroboscope on whose 
scale WWYV signals appear visually for 
correction to WWV time; a power am- 
plifier to boost the 60 cy/sec signal 
to 15 watts; a clock and _photocell- 
gated programmer that provides 10-sec, 
1-min, 30-min, and 1-hr timing pulses: 
and a control unit that provides for 
aural monitoring of signals. Accuracy is 
said to be within +0.1 sec/wk. Operat- 
ing power is provided by 24-volt bat- 
teries. (Geotechnical Corp., Dept. 
Sci651, P.O. Box 28277, Dallas 28; 
Tex.) 


™ NITROGEN ANALYZER performs auto- 
matically the micro-Dumas method of 
analysis. The operator is required only 
to prepare, weigh, and insert a sample- 
packed combustion tube, and adjust and 
read a counter indicating nitrogen 
volume. Determinations at levels as 
low as 0.01 percent are said to be possi- 
ble with results within +0.15 percent 
of theoretical for routine materials. 
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VOLUME XVIII (SUMMER 1960) Springer-Verlag 
in Wien: 

FORTSCHRITTE DER CHEMIE ORGANISCHER NATURSTOFFE. 

PROGRESS IN THE CHEMISTRY OF ORGANIC NATURAL PRODUCTS. 

PROGRES DANS LA CHIMIE DES SUBSTANCES ORGANIQUES NATURELLES. 

Edited by L. ZECHMEISTER, California Institute of 
Technology, Pasadena, California. 


Contents: 
BROCKMANN, H., Die Actinomycine. 
PAILER, M., Natiirlich vorkommende Nitroverbin- 


dungen. 
THOAI, N., VAN et J. ROCHE, Dérivés guanidiques 
biologigues. 


KJAER, A., Naturally Derived iso Thiocyanates (Mus- 
tard Oils) and Their Parent Glucosides. 

VOLKER, O., Die Farbstoffe im Gefieder der Vogel. 

ZECHMEISTER, L., Cis-trans Isomeric Carotenoid 
Pigments. 

BRIAN, P. W., J. F. GROVE and J. MACMILLAN, 
The Gibberellins. 

WILLIAMS, J. W., Selected Subjects in Sedimenta- 
tion Analysis, with Some Applications to Biochemis- 
try. 

HEIDELBERGER, M., Structure and Immunological 
Specificity of Polysaccarides. 

Index of authors.—Subject index. 
Prob. $26.00, Full cloth Prob. $27.00 








Distributors in the U.S.A.: 
Stechert-Hafner, Inc. Walter J. Johnson, Inc. 
31 East 10th Street 111 Fifth Avenue 

New York 3, N.Y. New York 3, N.Y. 

















TESTMATIC 
. BALANCE 
FW-55 


The FW-55 combines sensational 
weighing speed with superb con- 
struction and performance. The 
exclusive long optical scale of 
10,200 mg has divisions 2.5 mm’ 
apart for easy reading. The pan, 
automatic weight placing dials, 
glass door slides, and readout 
scales are all within direct line of 
sight and fingertip reach. Husky 
aluminum alloy castings provide a 
rigid structure with along life span. 
The radiating quality of Swiss 
Craftsmanship is reflected in the 

Technical Data: Type FW-55 FW-55 Balance. 

Maximum load 200 g 

Direct optical range 0-10.2 g= 1020 divisions 

Scale calibration 


10 mg 
Sensitivity and i! 
minimum indication 1 vernier division= 1 mg owt ee aa? : 


Reproducibility of 
results + 0.5 me 


Accuracy of the 
set of weights + 05 me 


Cc. H. STOELTING CO. 


Analytical Balances, Micro-Manipulators, Stereotaxic 
Instruments, Strip Chart Recorders, Polygraphs, 
Research Microscopes, Kymographs 

















Write for further information. 
Dealer inquiries invited. 





424 NORTH HOMAN AVENUE, CHICAGO 24, ILL. 
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Write for Bulletin 800-S to: 


ad pe LOM RO Lo] Se mete} ite]. 7-wale), 


95 Madison Avenue @¢ New York 16,N. Y. 





PHOTOVO LT 
DENSITOMETRIC EQUIPMENT 


for ELECTROPHORESIS and CHROMATOGRAPHY 


New building-block sys- 
tem permits adding of 
units as required, from 
manual and semi-auto- 
matic operation to fully- 
automatic recording 
and integrating 


@ For scanning of electro- 
phoresis strips and readings 
on large sheets in chroma- 
tography 


@ For work in visible and 
ultraviolet ranges 


@ For evaluation by color- 
transmission, reflection or 
fluorescence 


@ For readings on filter pa- 
per, agar, starch and other 
gels 
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NOW! DETECT END POINT ELECTROMETRICALLY! 





with Beckma n° microelectrodes** 
eliminates uncertainty of visual detection! 


Now...titrate even a single drop—easily and accurately—with 
this modification of the Gilmont Ultramicroburet. 
microtitration electrometrically, without need for visual adjust- 


ment of end point. 


Manostat Microtitrator is capable of both oxidation-reduction 
-with special electrodes 
for each process. May be used with any high-impedance pH 
meter. Comes fully equipped with all accessories and solutions. 
*Pat. Appl. for 


titration and acidimetry-alkalimetry.. 


Nothing else needed but your pH meter. 


G15654 MANOSTAT MICROTITRATOR 


Perform complete with Beckman Microelectrodes and 


all accessories, but without pH meter 245.00 
G15655 MICROTITRATOR ACCESSORY 
KIT contains all equipment necessary to 
convert a Gilmont Ultramicroburet to M15654 

128.50 


Write For Microtitrator Bulletin 
**Manufactured exclusively for Manostat Corp. 


The EMIL GREINER Co, C8® 20-26 1. moore Street + Dept. 427 * New York 13, N. ¥. 








Ray Haines, Director of Research & De- 
velopment at Aurora Plastics Corp., finds 
that he’s also a test pilot for the firm’s 
ready-to-fly model planes. These models 
have to perform as well as their prototypes, 
and Ray perfects the motors using his 
UNIMAT to machine the small parts. No 
matter what the problem is, it can be 
solved with this multifunctional machine- 
shop-in-miniature. UNIMAT is ten inter- 
changeable machines on one base no larger 
than a jeweler’s lathe. WRITE FOR FULLY 
ILLUSTRATED CATALOG AND PRICE LIST. 


UNIMAT 


AMERICAN EDELSTAAL INC. 
350 BROADWAY, DEPT. AGN. Y. 13, N. Y. 


246 




















DIE-CAST 
ALUMINUM JAWS 


VINYL 
PLASTISOL 
JAW LINING 


NICKEL 
NICKEL PLATED 
PLATED BRASS 





BRAS 
TRUNNIONS 


- 


a STEEL 
T-HANDLE 


Reach for this clamp and you’re always right! 
It is precisely designed to do more clamping 
jobs for you than any other clamp available. 
Its die-cast aluminum alloy jaws hold any object 

—fine wires, thermometers, beakers, and even sepa- 
ratory funnels—round or irregularly shaped. It is 
made like a fine drafting compass, yet extremely 
rugged. Fine nagar | | ees positive clamping. 


No. $76-9: CLAMPS 
Write for di t on larger q 
ARTHUR S. LaPINE and COMPANY 


6001 South Knox Avenue * Chicago 29, Illinois 











Flexible combustion cycles are said to 
accommodate an almost unlimited vari- 
ety of organic nitrogen compounds, in- 
cluding heterocyclic nitrogen. Deter- 
minations are performed at the rate of 
four to five per hour. (Coleman Instru- 
ments Inc., Dept. Sci654, Maywood, 
Ill.) 


@ ROTARY TUBE ELECTRIC FURNACE is 
designed for continuous-fow calcining 
or sintering of ceramic and metal pow- 
ders. The impervious mullite tube used 
is adjustable in rotational rate from 0 
to 6 rev/min. Hot-zone length is 36 in. 
and diameter is 4% in. Tilt is adjustable 
from 0 to 5 in. Operating temperatures 
up to 2500°F are attainable. Heaters 
are silicon carbide. (Pereny Equipment 
Co., Inc., Dept. Sci648, Columbus, 
Ohio) 


™ TRANSFER VOLT-AMMETER measures 
a-c voltage and current between 5 cy 
and 50 kcy/sec with accuracy said to 
be within +0.05 percent. Full-scale 
voltage ranges from 0.5 to 300 volts 
and full-scale current ranges from 7.5 
ma to 5.0 amp are covered in two 
models. Operating principle is the com- 
parison of heating effects of an un- 
known alternating current with an ad- 
justed direct current and measurement 
of the latter with a null potentiometer. 
Internal mercury cells provide the d-c 
source. (Engelhard Industries, Inc., 
Dept. Sci659, 113 Astor St., Newark, 


| N.J.) 


™ POWER ISOLATOR provides up to 300 
v-amp output at 115 volts a-c isolated 
from line voltage and line ground. A 
shielded transformer and a feedback 
isolation circuit are used. Loading of 
the output to ground is less than 2 pf 
capacitance and greater than 50,000 
megohms. The device is portable and 
measures 12 by 11 by 6 in. (Moeller 
Instrument Co., Inc., Dept. Sci660, 
Richmond Hill 18, N.Y.) 


™ TAPE SIMULATOR~- provides manual 
entry of data into punched tape sys- 
tems. The device has a capacity of 80 
bits of information, each entered by 2 
pushbutton on the instrument’s panel. 
Arrangement of the buttons in ten lines 
of eight channels coincides with eight- 
channel punched-tape code. Pushbut- 
tons light up when depressed. The simu- 
lator substitutes for a tape reader for 
performing check-out and _ verification 
functions or may act as an auxiliary 
signal source. (Hallamore Electronics 
Co., Dept. Sci655, 714 N. Brookhurst 
St., Anaheim, Calif.) 


™ DATA TRANSFER SYSTEM ultilizes digi- 
tal techniques for long-distance point- 
to-point or party-line transfer of analog 
voltage data over voice-quality trans- 
mission circuits. The standard system 
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provides for transmission of up to three 
channels of analog information with 
accuracy said to be +0.05 percent of 
full range and resolution of 0.006 per- 
cent of full scale at data sampling rates 
of ten per second in each channel. A 
wide range of signal levels is accom- 
modated in addition to the standard 
+10 volts. Parity checking and identi- 
fication of data source is permitted. 
(Vitro Laboratories, Dept. Sci657, 200 
Pleasant Valley Way, West Orange, 
N.J.) 


§ RATE TURNTABLE is a portable test 
unit for mounting rate gyros, antennas, 
guidance assemblies, and other com- 
ponents requiring imposition of con- 
stant rate of turn for performance 
checking. The basic unit provides a 
single rate about a vertical axis; modi- 
fied units provide multiple rates, tilting 
to polar or horizontal axes, or servo 
drive. (Sterling Precision Corp., Dept. 
Sci656, 17 Matinecock Ave., Port 
Washington, N.Y.) 


=" PHASE AND RATIO METER provides 
simultaneous readings of phase angle 
and amplitude ratio between two radio- 
frequency signals. Frequency response 
is 150 kcy to over 100 Mcy/sec, and 
threshold sensitivity is 50 mv. The in- 
strument combines a frequency con- 
verter with the manufacturer’s type 405 
phase meter. The converter, used with 
an external oscillator, converts two ra- 
dio-frequency signals into audio signals 
of identical phase relationship and pro- 
portional amplitude. Outputs are pro- 
vided for input to recorders. (Ad-Yu 
Electronics Lab, Dept. Sci666, 249-59 
Terhune Ave., Passaic, N.J.) 


® COUNTER-TIMER, fully transistorized, 
provides measurement of frequency 
from 0 to 10 Mcy/sec, time interval 


and period from 0.3 psec to 10° seconds, | 


frequency ratio to 10°, and phase to 0.1 
deg. Readout is by means of in-line elec- 
trode tubes. Three d-c amplifiers have 
l-megohm input impedance and 0.1- 
volt r.m.s. sensitivity. Power consump- 
tion is 50 watts. (Systron Corp., Dept. 
Sci661, 950 Galindo St., Concord, 
Calif.) 


= FLUOROMETER is basically an optical 
bridge that measures the difference be- 
tween light emitted by a sample and 
that from a calibrated light path. A 
single multiplier phototube within a 
mechanical light 
the two light beams and provides an 
output signal whose phase depends on 
which of the beams is the stronger. This 
signal is used to effect balancing of the 
two beams by means of a cam. About 5 
parts of quinine sulfate per billion pro- 
vides full-scale deflection on the most 
sensitive range. Linearity is said to be 1 
percent and readability 0.5 percent or 
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FOR THE FINEST QUALITY 


NUCLEAR INSTRUMENTATION 


LOOK ro TA 


ANALYTICAL SYSTEMS 
and COUNTING INSTRUMENTS 


Pulse Height Analyzers and Spectrometers 
Decade and Binary Scalers 

Log and Linear Ratemeters 

Linear Amplifiers 

Absorber Sets — Timers 

H.V. Power Supplies 







LEAD SHIELDS 


T/A specializes in lead shields and has 
developed over 30 commercial versions. Let us 
help you with your lead shield requirements! 


LS-7 MULTI-PURPOSE 
LEAD SHIELD 


® Vertical and Horizontal Lead Shields 
®@ Multi-Purpose GM & Scintillation-Type Shields 
@ Well-Counting Lead Shields 
@ Source Storage and Shipping Casks 





> SCINTILLATION 
DETECTORS 


T/A offers an extremely versatile line of 

scintillation detectors and accessories for 
research, medical, and industrial application. 

® Solid and Well-Type Crystals 

®@ Proportional or Cathode Follower Preamplifiers 

®@ Nose Shields and Collimators 







MODEL 6 


PORTABLE SURVEY 
INSTRUMENTS 


The T/A Juno and Cutie Pie 
are the most widely used 
survey meters in the world. 


CP-3 
CUTIE PIE 


HEALTH PHYSICS 


T/A has continually led in the 
development of personnel monitors 

for the automatic detection and 
measurement of radiation contamination. 


Beta-Gamma Hand & Foot Monitor (Illus. at left) 
Portal Monitor (Illus. at right) 

Alpha Hand Monitors 

Laundry Monitors 








Write for Catalog 
“INSTRUMENTATION FOR NUCLEAR RESEARCH” 


ECHNICAL ASSOCIATES 


140 West Providencia Avenue * Burbank, California 
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better. The instrument may be used as 
a nephelometer to resolve as little as 
0.01 parts of silica per million. (Arthur 
H. Thomas Co., Dept. Sci674, P.O. Box 
779, Philadelphia 5, Pa.) 


™ SWEEP-SIGNAL OSCILLATOR furnishes 
output frequencies from 800 to 1400 
Mcy/sec. Output power is 10 mw and 
output impedance 50 ohms. Output 
power is held flat within +1 db over 
the entire range by a leveler circuit. 
Sweep operates as 30 cy/sec. Manual 
tuning over the entire range is also 
provided. (CGS _ Laboratories, Inc., 
Dept. Sci672, Wilton, Conn.) 


™ SPECTROPHOTOMETER for the ultra- 
violet and visible ranges is a fully auto- 
matic, double-beam grating instrument. 
The monochromator incorporates two 
diffraction gratings, each with 1200 
grooves per millimeter. Absorption 
spectra, reflectance ‘spectra, and emis- 
sion spectra can be recorded. A single 
lever positions a hydrogen, tungsten, or 
mercury lamp for rapid scanning of the 
ultraviolet spectrum without a break in 
the record. Speed of wavelength scan is 
automatically adjusted to the complexity 
of the spectrum being scanned. (Bausch 
and Lomb Optical Co., Dept. Sci670, 
Rochester 2, N.Y.) 








NALGENE serves You right! 


“Serves you right” the way it handles easily—no needless 
weight, no slipping even when wet... no breakage 
problems. You can ask a great deal of NaLcenr Lab ware 
and get it. Beakers, Carboys, Flasks, Funnels, Graduates, 
Bottles, Pipets, Centrifuge and Test Tubes—all surprisingly 
low in cost, NaucGENE is the practical, efficient lab ware 
that keeps its word... always dependable! 


Nalgene Lab ware is proving | 
its dependability in “Operation 
Deep Freeze,” McMurdo 
Sound—Antarctica 


an) THE NALGE CO.INC. 
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NALGENE 


For our Catalog 
H-459—write Dept. 157 





ROCHESTER 2, NEW YORK 





® ELECTRONIC FLASH for high-speed 
photography delivers a_ single flash 
whose duration is controllable to cor- 
respond with the writing rate of the 
camera. Wave form is square with rise 
and decay times of the order or 40 
usec. Duration settings are 8.7, 11.15, 
14.75, and 22.25 msec. (Beckman and 
Whitley, Dept. Sci673, San Carlos, 
Calif.) 


™ POLAROGRAPHIC INSTRUMENT for 
process monitoring performs automatic 
repetitive sampling, analytical pretreat- 
ment, and polarographic analysis of 
liquid from either of two sources, and 
records the results on a continuous 
strip chart. Sample and reagent are 
mixed by a stream of electrolytic hy- 
drogen generated externally. Pretreat- 
ment unit and polarographic: unit are 
each housed in steel cabinets and elec- 
trically interconnected. The _pretreat- 
ment unit incorporates automatic pi- 
pettes for samples and reagents, polaro- 
graphic cell, hydrogen inlet valve, 
mercury receiver, automatic sequence 
control circuit, power supply, and con- 
trol panel. Over-all accuracy is said to 
be + 5 percent or better. (Baird & Tat- 
lock, London, Ltd., Dept. Sci653, 
Chadwell Heath, Essex, England) 


™ DIAGNOSTIC AUDIOMETER uses a pho- 
tocell to interrupt tone signals. Interrup- 
tion is said to be free of accompanying 
clicks or pings and free of give-away 
hand motions, a slight movement of 
the finger being sufficient to start or 
stop the signal. Frequency range is 125 
to 8000 cy/sec. Weight with accessories 
is 13 Ib. (Acousticon International, Dic- 
tograph Products Inc., Dept. Sci662, 
Jamaica, N-Y.) 


™ OSCILLOSCOPE DOLLIES provide a 20- 
deg viewing angle. Storage areas are 
provided for preamplifers, and a drawer 
for accessories. A rubber gasket pre- 
vents damage to instruments while in- 
stalling or removing. Casters are 5 in. in 
diameter, rubber tired and ball bearing. 
Three power outputs and one input are 
included. (PBR Manufacturing Co., 
Dept. Sci663, 861 E. Luzerne St., Phila- 
delphia 24, Pa.) 


® VOLTAGE-TO-FREQUENCY CONVERTER 
develops a frequency proportional to in- 
put voltage with long-term accuracy 
said to be within +0.1 percent. Fre- 
quency range is 0 to 100 kcy/sec. Full- 
scale range can be switched from 0.1 
volt through 1000 volts in five steps. 
Input polarity is automatically indi- 
cated. Models are available for rack, 
module, or cabinet mounting. (Vidar 
Corp., Dept. Sci664, 2107 El Camino 
Real, Palo Alto, Calif.) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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LABORATORY 
ELECTROMAGNET 
SPECIFICALLY 
DESIGNED TO 
PROVIDE LARGE 
VOLUMES OF 
HIGH DENSITY, 
HIGHLY HOMO- 
GENEOUS MAG- 
NETIC FIELDS. 





HARVEY-WELLS 
ELECTRONICS, INC. 
14 HURON DRIVE 
NATICK, MASS. 
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EXPANSION 

of the 
RADIOCHEMICAL 
CENTRE 


Since 1946 the Laboratories at Amersham have 
been steadily extended to meet the constantly 
rising demand for radioactive chemicals and 
radiation sources. 


The latest addition to these facilities was opened 
recently by the President of the Royal Society 
and is now in the service of radioisotope users 
throughout the world. 


The new Organic Laboratory 
illustrated here provides a great 
range of labelled compounds of 
exceptional purity—of carbon-14 
alone, some two hundred are 
usually in stock. 


Send for the latest catalogues 
“Radioactive Chemicals” and 
“Radioactive Sources”. 


THE RADIOCHEMICAL CENTRE 
AMERSHAM - BUCKINGHAMSHIRE 
ENGLAND 
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WILD* M-20 


with Camera Il 


Fitted with Camera Il, this truly versatile 
microscope permits continuous binocular 
observation of the specimen, even during 
exposure. The phototube deflects 25% of 
the light to the binocular tube, with the 
remainder going to the Camera. Rapid, 
accurate focusing is achieved with a spe- 
cial format indicating eyepiece in the 
binocular tube. 


In research and scientific exploration, the 
M-20 is easily capable of handling any 
problem which may arise in optical micro- 
scopy. 


Write for interesting information about the 
Wild M-20 andits complete range of attach- 
ments, 





*The FIRST name in Surveying Instru- 
ments, Photogrammetric Equipment and 
Microscopes. 

Full Factory 


WIL DB) Services 


IHEERBRUGGHINSTRUMENTS, iNnC. 
Main at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 


In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 
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Letters 


Artificial Biosphere 


It is unfortunate that Dyson’s sug- 
gestion [Science 131, 1667 (1960)] as 
to how intelligent beings might survive 
after reaching “the limits set by Mal- 
thusian principles” does not do justice 
to the intelligence of these beings by 
explaining how they would overcome 
some of the obstacles which, at first 
sight, would seem. to militate against 
their curious way of life. 

Dyson’s report describes a uniformly 
thick shell of fluid with a thickness of 
a meter or two and a radius twice the 
earth’s distance from the sun. The shell 
is said to revolve about the central 
star, which implies that the material 
revolves as a whole. Presumably the 
material of the shell must be enclosed 
on both surfaces by transparent plastic 
sheaths of similar constructions, for 
self-gravitation cannot be expected to 
make the material cohere. However it 
is not conceivable that it would be pos- 
sible to quarry from the material of a 
planet like Jupiter sufficient structural 
steel to keep the shell rigid against the 
shear forces and those that would tend 
to move material towards the equa- 
torial plane. 

Therefore, it must be assumed that 
radiation pressure must play a part in 
supporting the shell, so that its form 
will be that of an oblate spheroid rather 
than a sphere. For example, material at 
the poles of revolution of the shell 
would be supported entirely by radia- 
tion pressure, so that the polar radius 
of the shell would necessarily be less 
than the equatorial radius. However, 
a cursory calculation will show that this 
would be possible only at a distance 
from the central star comparable to 
but less than the radius of the sun. 

Beings of lesser intelligence, not 
having discovered the appropriate laws 
of physics, might therefore seek some 
other distribution of their dismantled 
Jupiter that would have more intrin- 
sic stability—for example, a torus lying 
in a plane perpendicular to the axis of 
its own rotation. The mass of Jupiter 
distributed in this way would yield a 
torus whose cross-sectional area was 
comparable with that of the moon, but 
unfortunately the flux of stellar radia- 
tion would be reduced by a factor of 
10... 

With conventional laws of physics, 
however, as Laplace was the first to 
show, even this arrangement would not 
be stable, and it is to be expected that 
the material of the torus would coalesce 
into one or more planetary objects. 
This suggests that, in the present state 
of intelligence, the dispersal of Jupiter 
into a thin shell about the sun would 








Look what 





EVENT RECORDERS 
are doing to 
improve operations 
and cut costs! 











Check Switch 
Assemblies. 


Monitor Plastic or 
Metal Molding 
Operations. 


Plot Movement 
of Conveyors. 


Show Idle Time 
of Automatic 
Machines. 


Monitor Electrical 
Substation Operation. 








See how E-A Event Recorders can 
help you with accurately recorded, 
unbiased information. 


Send for Catalog Section 50, 
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Company 


No. 1 in fine Graphic Instruments 
| for more than 50 years. 
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not be an effective means of escaping 
the consequences of continued popula- 
tion growth but that it might be an 
experiment with an important bearing 
on various theories of the origin of the 
solar system. It would, for example, be 
interesting to see whether the outcome 
of the experiment was the recreation 
of Jupiter or the creation of a number 
of asteroids. 

Another point is that a search for 
infrared stars would be valuable even 
in conventional science for the light it 
might throw on the evolution of stars 
which are very young or very small as 
compared with the sun. 

JOHN Mappox 
Washington Post, 
Washington, D.C. 


Freeman Dyson’s report suggesting 
that intelligent life elsewhere in the uni- 
verse may be detected by looking for 
sources of infrared radiation was de- 
lightful. However, as an old science- 
fiction hand, I feel obliged to sound 
a cautionary note to the scientists. Or 
am I merely too dense to recognize a 
satire? 

The basis of Dyson’s argument is 
that an industrial culture may even- 
tually occupy an artificial biosphere 
completely surrounding its sun, thus 
maximizing the territory and energy 
available for population expansion “to 
the limits set by Malthusian principles.” 
The mass of Jupiter could be converted 
into an inhabited “spherical shell re- 
volving around the sun at twice the 
Earth’s distance from it,” utilizing in- 
cident solar radiation which would be 
reradiated into space in the 10-micron 
band. 

Offhand, I should think rotational 
and gravitational stresses alone would 
rule out such a structure of such dimen- 
sions. But since it is admittedly danger- 
ous to assert that anything is impossi- 
ble, I shall confine myself to questions 
of economics. Even Dyson intimates 
that the project would take several 
thousand years to complete; he calcu- 
lates the energy required as equal to 
the sun’s total output for eight cen- 
turies, and one does have to eat mean- 
while. And meanwhile, too, the popula- 
tion growth necessitating this project 
will presumably continue. As Hauser 
remarks in the same issue [Science 131, 
1642 (1960)], at our present-day rate 
of increase we would reach “a popula- 
tion of one person per square foot of 
the land surface of the earth in less 
than 800 years.” Thus, the economic 
surplus needed for the biosphere proj- 
ect would be consumed long before the 
latter got well started. 

If we assume a ratio of population 
increase to industrial expansion low 
enough so that this contretemps does 
not occur, we must ask ourselves how 
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control 


Here is a quiet operating, 
modern Hiltch-type agitator, 
robustly constructed, that emul- 
sifies, homogenizes, or stirs 
simply by adjusting speed. 
Positioned by the flask and joint, 
it fits all flasks by means of 5 shaft 
extensions. Water cooling may 
be applied to operate at high 
flask temperatures. A Teflon® 
covered 34/45 joint with an 
O-Ring ASCO Seal assures 
vacuum tight operation to 

10-§ mm Hg. 


FEATURES: 
Tiree] i Maker) <yamolel0 rn 401010 nF 
Universal application— 
high or low viscosity fluids 
Electronic speed control— 
smooth speed regulator, 
0-2500 r.p.m. 
Operates at temperatures 
above 100° C 
O-Ring seal eliminates use 
of greases thereby 
avoiding contamination 
Oil sealed shaft and seal 
Stirrers available type 3165.8. 


Adapters available for 


larger joint sizes 


ARTHUR F. SMITH, 
311 ALEXANDER STREET 
ROCHESTER 4, NEW YORK 


now... for the first time . «.. 
an inexpensive stirrer 
featuring electronic speed 


and rotary seal for 


normal and high vacuum 
operation! 


ASCO 
ALL-PURPOSE 
STIRRER 




















RTHUR F. SMITHE 
311 ALEXANDER STU 
ROCHESTER 4 NEW YON 
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PICK ONE (OR MORE) 
DUALL TISSUE GRINDERS 
... WE NOW HAVE SIX SIZES 


The Duall Tissue Grinders have proved so 
popular that we’re forced (quite willingly) 
to offer two new small sizes. One has an 
operating capacity of 1 ml.; the other 3 
ml. These, with the four larger sizes al- 
ready offered, provide capacities up to 
50 ml. 


Why is the Duall so popular? The homog- 
enizer’s unique design allows two-stage 
grinding on its conical and cylindrical 
surfaces. Particle size reduction starts in 
the conical section. Final homogenization 
occurs when material is forced past the 
cylindrical surfaces. Here uniform particle 
size is attained. 


Bulletin 460A gives full information on 
the entire Duall line (both Teflon and glass 
pestles are offered). Write for your free 
copy. 


Catalog No. K-88545 Duall Tissue Grinder—All Glass 


Capacity COMPLETE 

Size mi. 

AA 1 9.05 

A 3 9.05 
KONTES 
GLASS 
COMPANY 


} 
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First Choice For Quality Technical Glassware 
Vineland, New Jersey 
Midwest Distributor: Research Apparatus. Inc., Wauconda, III. 











LINEAR 
TEMPERATURE 
PROGRAMMER 


THE F&M MODEL 40 LINEAR TEM- 
PERATURE PROGRAMMER linearly 
increases temperature of heat- 

ing equipment or maintains it 

at constant temperature. 18 

linear heating rates from 0.3 

to 42°C/min, are provided from 

0 to 500°C; adaptable to 1600°C. 


WRITE FOR BROCHURE 40 


F&M SCIENTIFIC CORP. 


1202 ARNQLD AVE NN. Coe 
NEW CASTLE, DEL 


AIR BASE 
PHONE EA 8-6606 

















WATER FOR INDUSTRY 
Jack B. Graham and 
Meredith F. Burrill, Eds. 


AAAS Symposium Volume No. 45 


CONTENTS 


The Available Water Supply 

Water Requirements 

Geographic Distribution of Manufactur- 
ing 

Water and Steel: Fairless Works Water 
Supply 

The Treatment and Disposal of Wastes 
in the Atomic Energy Industry 

Water Supply and Waste Disposal Re- 
quirements for Industry 


Antipollution Legislation and Technicc:! 
Problems in Water Pollution Abate- 
ment 


Correction of a Fluviatile Delinquent: 
The Schuylkill River 


Water in the Future 
Discussion 


6 x 9 in., 141 pages, 18 illus., index, 
cloth, 1956, $3.75. AAAS members’ 
cash price, $3.25. 

British Agents: Bailey Bros. & Swinfen, Ltd. 


Hyde House, W. Central St. 
London W.C.1, England 


American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 














any intelligent species could be induced 
patiently to continue this enormous 
task, millennium after millennium. True, 
our human history contains epochs of 
grandiose and useless construction, such 
as the pyramid building of Egypt, but 
they never lasted very long. Any revo- 
lutionist who promised relief from the 
crushing burden of the biosphere proj- 
ect would be well received! He could 
doubtless get support for some or 
other population-control program; those 
who demurred would be martyred by 
exasperated taxpayers, or the equivalent 
thereof. 

Of course, the entire species might, 
by advanced psychological techniques, 
be conditioned into such an antlike 
state that its government could never 
be overthrown, or break down from 
internal stresses, or evolve into some- 
thing new. But given subjects as meek 
as this, and no reason to breed vast 
armies (for only a_ well-established 
world government could seriously en- 
tertain these ideas in the first place), 
the masters could regulate birth and 
death by fiat. Thus, the population 
would be stabilized at some rational 
figure and projects such as Dyson’s 
would never be indicated. 

In_ short, uncontrolled population 
growth will make the construction of 
artificial biospheres impossible, and 
control will make them unnecessary. 
So astronomical discovery of infrared 
sources won’t prove anything about 
the inhabitants of other planets. 

PouL ANDERSON 
3 Las Palomas Road, 
Orinda, California 


The suggestion by Freeman J. Dyson 
for investigating solar far-infrared radi- 
ation as one way to detect extraterres- 
trial intelligence sounds quite practical 
and sensible. 

This leads me to suspect that if 
Dyson’s assumption is correct—that 
intelligent beings exist of a far higher 
order of technological achievement than 
our own—it would be well-nigh in- 
possible for such beings not to have de- 
tected us. 

EUGENE A. SLOANE 
“Air Engineering,” Detroit, Michigan 


In reply to Maddox, Anderson, and 
Sloane, I would like only to add the 
following points, which were omitted 
from my earlier communication. 

1) A solid shell or ring surrounding 
a star is mechanically impossible. The 
form of “biosphere” which I envisaged 
consists of a loose collection or swarm 
of objects traveling on independent or- 
bits around the star. The size and shape 
of the individual objects would be 
chosen to suit the convenience of the 
inhabitants. I did not indulge in specu- 
lations concerning the constructional 
details of the biosphere, since the ex- 
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pected emission of infrared radiation is 
independent of such details. 

2) It is a question of taste whether 
one believes that a stabilization of pop- 
ulation and industry is more likely to 
occur close to the Malthusian limit or 
far below that limit. My personal be- 
lief is that only a rigid “police state” 
would be likely to stablize itself far 
below the Malthusian limit. I consider 
that an open society would be likely 
to expand by a proliferation of “city- 
states” each pursuing an independent 
orbit in space. Such an expansion need 
not be planned or dictatorially imposed; 
unless it were forcibly stopped it would 
result in the gradual emergence of an 
artificial biosphere of the kind I have 
suggested. This argument is admittedly 
anthropomorphic, and I present it in 
full knowledge that the concepts of 
“police state” and “open society” are 
probably meaningless outside our own 
species. 

3) The discovery of an intense point 
source of infrared radiation would not 
by itself imply that extraterrestrial in- 
telligence had been found. On the con- 
trary, one of the strongest reasons for 
conducting a search for such sources 
is that many new types of natural 
astronomical objects might be dis- 
covered. 

FREEMAN J. Dyson 
Institute for Advanced Study, 
Princeton, New Jersey 


Hazards and Insecticides 


Philip R. White states [Science 131, 
614 (26 Feb. 1960)] that “the prob- 
lem” is much wider than “poisoned 
cranberries,” chickens, and so on; that 
“the problem” is a “premature or in- 
adequately prepared commercialization 
of scientific finding.” White fortifies 
his opinion with a few cases, stating 
that these must be only a few of hun- 
dreds. White has presented only one 
side of the coin. That certain cases do 
represent a very dangerous trend is 
true, but the reverse side of the coin 
may be equally dangerous. 

Pray let me, like White, cite a few 
examples. In the last few years this 
laboratory has tested two chemicals 
that came to us from Europe, highly 
recommended. In both cases we found 
the materials ineffective although not 
in any way dangerous. One of these 
was already on the market in Europe 
but was withdrawn because our work 
proved it ineffective. This case paral- 
lels the case of the French weed killers 
cited by White. 

In the 1930’s Anopheles gambiae 
was rampant in the valley of Rio 
Grande do Norte in northeastern Brazil. 
Many scientists (altogether too many) 
stated dogmatically that it was impos- 
sible to eradicate these mosquitoes, that 
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the misery, sickness, social disorders, 
and death visited upon Rio Grande do 
Norte were inevitable for the Western 
Hemisphere from Buenos Aires to 
Galveston. Fortunately a small group 
of scientists supported by the Rocke- 
feller Foundation and the Brazilian 
Government staked their honor and rep- 
utations, but not their lives, in a sci- 
entific Thermopylae. They used the 
tools available—namely, pyrethrum of 
evanescent efficacy and paris green of 
extremely high toxicity. In 2 years 
morbidity cases among the field workers 
numbered 595. Compare this with sta- 
tistics for the village of Caicd (some 


600 inhabitants), where there were 64 
fatalities in the month of May 1959 
as a direct result of invasion by Anoph- 
les gambiae. Anopheles gambiae was 
eradicated in the Western Hemisphere, 
although the only weapons available 
were ineffective or hazardous by present 
scientific standards. The incident is 
forgotten, although it has been fully 
published and the report is readily 
available for anyone’s perusal [F. L. 
Soper and B. Wilson, Anopheles gam- 
biae in Brazil (Rockefeller Founda- 
tion) J. 

Today in the northeastern United 
States the dairy industry is confronted 
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MICROLITER 
SYRINGES 


You can make accurate liquid discharges 
in the range of 100 ul to 0.1 ul by direct 
reading of Hamilton Microliter Syringes. 


@ 10, 50 and 100 ul capacity syringes 


@ Syringe tested to be leak-tight with 
water at 150 psi 


@ Precision of graduation better than 1% 

@ Special needle point design perforates 
rubber closures without plugging 

@ Cemented needle minimizes dead 
volume in the syringe, prevents leakage 

@ Precision bore NC glass, stainless steel 


Available with cemented needle; for re- 
movable needle; with Chaney Adaption 
for accurate repetitive injections. 


Order direct, or write today for literature and prices. 
Also available through your supply house. 


HAMILTON COMPANY, rvc. 


P. O. Box 307-K, Whittier, California 
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Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 














Klett Manufacturing Co. 
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a NEW book... 


for Biochemistry 
from Burgess 


NUCLEIC ACID OUTLINES 


VOLUME | 


Van R. Potter 
University of Wisconsin 


These informative outlines provide 
a working guide to the study of 
nucleic acids. Material includes in- 
troduction to structure and metabo- 
lism as well as related biological 
problems. Abundant references are 
listed, numerous charts and dia- 
grams included. Available in Au- 
gust. 


order from 


BURGESS Publishing Co. 


426 South Sixth Street 
Minneapolis 15, Minnesota 


write for folder on our science books 











Valveless pump eliminates contamination of 
liquid pumped, whether from the pump itself 
or from previous pumpings. Accurately in- 
fuses solutions at the rate of 0.5 ml. through 
25 ml. with variation of less than 5% at pres- 
sures up to 200 mm Hg. 

Simple screw adjustment changes delivery 
rate rapidly. Desired rates reproduced ac- 
curately by graduated scale. 

Reservoir ends stopping to refill syringe— 
length of delivery run determined by reser- 
voir volume. 


CAT. NO. 71-046 


PHIPPS A BIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
/ sy ? 6th& Byrd Streets - Richmond, Va. 














REHABILITATION OF THE MENTALLY ILL 


Social and Economic Aspects 


A symposium of the American Psychiatric Asso- 
ciation, cosponsored by the AAAS Section on 
Social and Economic Sciences and the American 
Sociological Society. 


Edited by Milton Greenblatt and Benjamin Simon 


This volume presents an up-to-date picture of 
rehabilitation in its broadest sense. The contri- 
butions are from outstanding researchers and 
practitioners in the field. The process of rehabili- 
tation is examined from the standpoint of (a) 
hospital, (b) transitional aspects, and (c) com- 
munity. The rehabilitation of the individual in 
the total sense is seen as a continuum starting 
from the moment of admission to his final re- 
settlement in the community and many tech- 
niques and recommendations for improved patient 
care and treatment are contained in the book. 


December 1959, 260 pp., $5.00 
AAAS Members’ Cash Orders $4.50 
English Agents: Bailey Bros. & Swinfen, Ltd. 


Hyde House, West Central Street 
London W.C.1, England 


AMERICAN ASSOCIATION FOR THE 


ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW 
Washington 5, D.C. 
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with a new and dangerous pest—name- 
ly, Musca autumnalis or face fly. This 
insect is very closely related to the 
house fly, but it differs in habits. It 
congregates on the face of cattle, and 
these miserable animals have no de- 
fense. Like its close relative the house 
fly, it is an extremely effective trans- 
mitter of certain disease organisms, 
such as staphylococci, salmonellae, coli- 
forms, and other enteric bacteria. It 
even likes the face of man, particularly 
the corners of the lips. For two sum- 
mers I have watched this pest on the 
cattle pastured almost in my back yard. 
They are miserable animals with sore 
eyes, and I do not for one minute 
suppose that their milk is of the highest 
or most nutritious quality. We have 
available insecticides which are safe by 
any reasonable standards, and effective. 
However, they may not be used legally 
on dairy cattle because of the fanatical 
attitude of certain federal officials. The 
face fly is spreading steadily in the 
northeastern United States, where noth- 
ing is done to control or to eliminate 
this disease-bearing pest. I wish to point 
out that this is a very dangerous trend. 
We are accepting an obvious and well- 
proved hazard because certain indi- 
viduals with legal power dream of a 
possible hazard connected with the use 
of insecticides upon dairy cattle. We 
grant that certain insecticides can be 
dangerous, but there are available to- 
day effective drugs that are not hazard- 
ous from the scientific point of view. 
They have been very well studied, and 
while they cannot be declared abso- 
lutely innocent (the absolute has no 
place in science) they are, when used 
as insecticides, as innocent as sugar, 
salt, or milk itself. This is all that a 
relative science can do, for science can 
never be absolute. 

White’s complaint, that insecticides 
used to control the fire ant are hazard- 
ous to wildlife, is out of proper refer- 
ence. If permitted to spread through- 
out the southern United States, this pest 
species will destroy many wild species 
and their habitats. D. Hey, writing of 
Cape Providence, Union of South 
Africa, states, “particularly introduced 
forms such as the Argentine Ant” have 
played their part in depletion of wild- 
life. Evidence of the same “depletion” 
is recorded for the United States. We 
should not trade temporary loss of a 
few species over a small area for per- 
manent loss of many types over a much 
larger area. 

As Francis Bacon stated years ago, 
we must be willing to accept new rem- 
edies, or we must prepare ourselves for 
new ills. The fire ant and the face fly 
are merely two of the many ills that 
presently affect us. I know of many 
more. They happen to be new to this 
part of the world, but there are old 
as well as new problems. These are 
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scientific problems and they must be 
dealt with by scientific methods. This 
means that we must open our minds 
to the relative laws of science and bar 
therefrom the absolute nonsense that 
has created the cranberry scandal and 
is driving us toward a dairy debacle. 
Every new drug should be adequately 
tested by the relative laws of science in 
general and of biology in particular. 
The use of absolute dicta, of the philo- 
sophical zero, such as White seems to 
approve, will prove disastrous again as 
in the past. Science can never prove 
absolute safety—it can prove necessity 
and relative safety. 

Generalization from such _ limited 
cases is of uncertain value; the con- 
clusion that the problem is fundamen- 
tally biological seems unavoidable. Con- 
sequently, the solution must follow the 
laws of biological science. The virulent 
poisons produced by staphylococci and 


other pathogens are a part of the prob- 
lem. Dogmatic regulations that contra- 
vene the laws of biology will prove 
dangerous and even disastrous. Safety 
must be defined in terms of biology and 
not in terms of a philosophical zero, 
an absolute mathematical formula, or 
an analytical procedure. 

PauL D. Harwoap 
Hess and Clark, Ashland, Ohio 


Electronic Brains? 


A few years ago the new electronic 
digital computing machines were often 
popularly referred to as_ electronic 
brains. However, this practice soon fell 
into disrepute among scientists and en- 
gineers. A cliché which developed said 
in effect, “A general-purpose digital 
computer is designed to carry out arith- 














PRECISION Magnetic Recorders 
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to medical instrumentation 


The new dimension—added to magnetic tape's already impressive list of capabilities as 
a medical tool for capturing and preserving physiological data—is portability. The new 
Precision medical instrumentation recorder now makes it practical to acquire physiological 
variables under a greatly extended range of circumstances—in experimental or research 
laboratory, hospital, home, or under field conditions. 


The Precision recorder enables measurement of diverse 
medical parameters with extreme accuracy and repro- 
ducibility—encephalography, electrocardiography, 
heart sounds, respiration rate and volume, muscular ac- 
tivity, nerve impulses, blood pressure, temperature, ra- 
dioactive isotope movement—all these and many other 
measurements, once possible only through the use of 
heavy, complex, permanently-mounted equipment, are 
now practical with a portable instrument only 18” high 
and weighing 65 pounds. Write for specifications. 
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metic operations in a predetermined se- 
quence and could never think in any 
sense of the word.” This cliché still rep- 
resents the dominant attitude of many 
scientific and engineering publications 
on both sides of the iron curtain. An 
elaboration, which often follows the 
cliché, explains that the sequence of 
arithmetic and logical operations is 
completely predetermined by a human 
programmer, and any appearance of 
thinking by the computer is merely a 
manifestation of the thinking of the 
human programmer. (The general-pur- 
pose digital computers do carry out se- 


quences of arithmetic and logical oner- 
tions as specified by the programmer, 
but the programmer may specify that 
the sequence shall vary as a function of 
the input variable [or sensory] data.) 
These projections of their own ig- 
norance by pseudo experts may be 
amusing to researchers who are daily 
engaged in mechanized-thinking experi- 
ments on general-purpose- and special- 
purpose computers. However, a scientist 
seeking employment or approval for a 
new project from a director of a re- 
search laboratory may not find these 
negativistic attitudes at all amusing. 
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Electrothermal Heating Topes consist of one or 
more fabric bands of resistance wire, separated 
or bordered by bands of high-temperature-resist- 
ing glass fiber yarn. The width and length of 
: the various tapes are carefully determined by 
oo the current carrying capacity of the resistance 
a wire. Temperatures of 400°C and over can be 
reached inside a glass tube of 2mm wall thick- 
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. INSULATED ON BOTH SIDES—This tape is composed of 
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able control device such as a ‘‘Powerstat’’ or variable auto- 
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Such negativistic statements are almost 
invariably followed by a challenge to 
demonstrate the mechanized-thinking 
process by deriving the general theory 
of relativity. This seems comparable to 
requiring the Wright brothers to prove 
that they could fly by flying nonstop 
around the world. 

It may seem improbable that research 
directors would be so ill informed con- 
cerning subjects relevant to their work, 
However, this seems to be the rule 
rather than the exception. It would ap- 
pear that prominent scientists and en- 
gineers should be more cautious about 
asserting that certain things cannot be 
done merely because they do not know, 
at the moment, of any feasible method. 
They not only leave themselves open 
to ridicule in many instances but may 
also hinder the progress of research, 
for the direction of scientific research 
may be greatly affected by a simple, 
negativistic, dogmatic, cliché. 

RocEeR A. MacGowan 
Army Ballistic Missile Agency, 
Redstone Arsenal, Huntsville, Alabama 


Conversions 


Apropos the editorial on “Metric 
versus English units” [Science 131, 195 
(22 Jan. 1960)] with its implications 
regarding conversions, I should like to 
call your attention to the reports on the 
Tiros [Science 131, 1031 (8 Apr. 
1960)] and U.S.S.R. “space ship” [Sci- 
ence 131, 1510 (20 May 1960)] satellite 
launchings. 

Apogee and perigee of the Tiros are 
given as 407.2 and 378.7 nautical miles, 
respectively. According to my conver- 
sion tables, 1 nautical mile equals 
1.1516 statute miles. The corresponding 
apogee and perigee should be 468.9 and 
436.1 statute miles. In the article they 
are given as 468.28 and 435.5 statute 
miles, corresponding to a conversion 
factor of 1.1500 statute miles per nauti- 
cal mile. 

Similarly, the announced weight of 
the Russian “space ship” was 4 tons, 
540 kg. In the Science article this is 
given as 9988 pounds, corresponding 
to a conversion factor of 2.2000 Ib/kg. 
In fact, the conversion is 2.2046; the 
weight in English units is apparently 
10,009 Ib. 

For the purposes of the articles in 
Science, accuracy in these details is 
probably not important. Nevertheless, 
there is a lesson to be learned about the 
simplicity of conversions within — the 
metric system and about the retention 
of significant figures during and after 
conversions. 

PEMBROKE J. HART 
IGY World Data Center A, 
National Academy of Sciences—National 
Research Council, Washington, D.C. 
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4. Screw cap tube 
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5. Rubber stoppered tube 
6. Rubber stopper 
7. Silicone rubber stopper 


WRITE FOR COMPLETE DETAILS 
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Newly created division offers excellent 


BIOLOGICAL MANUFACTURING " 
PROCESS DEVELOPMENT ENGINEERING 


WARNER-LAMBERT 
PHARMACEUTICAL COMPANY 


opportunity for man with three years or 
more of experience in biological manu- 
Non-fermentation experience 
and knowledge of production size lyophil- 
izers mandatory. Degree required in bio- 


logical sciences or biochemical engineer- 


Send résumé with salary 


requirements to 


TECHNICAL RECRUITER 


WARNER-LAMBERT PHARMACEUTICAL CO. 


Morris Plains, New Jersey 
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CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge S4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $40 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Weekly invoices will 
be sent on a charge account basis— 
— that satisfactory credit is estab- 
ishe 


$40.00 per inch 
38.00 per inch 
36.00 per inch 
34.00 per inch 
34.00 per inch 
32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 
Science 
1515 oreo he 3 Ave., NW 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 








Washington 5, 


(iil POSITIONS WANTED lll 


(a) Microbiologist Ph.D. with college teaching, 
medical research and clinical supervising experi- 
ence; available for academic or clinical appoint- 
ment. (b) Organic Chemistry Ph.D., physical 
chemistry minor; extensive experience in tumor 
fesearch and endocrinology; prefers research and 
administrative position. S7-4 Medical Bureau, 
Inc., Science Division, Burneice Larson, Presi- 
dent, 900 North Michigan Avenue, Chicago. X 
Physiologist-Phar logist; 13 years of experi- 
ence teaching and pharmaceutical industry. De- 
sires teaching position only anywhere except 
South. Married, 4 children. Available almost im- 
mediately. Box 146, SCIENCE 
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MN POstTroNs OPEN jill | {MMMM POSITIONS OPEN iil 
BACTERIOLOGISTS B IOLOG I CAL 


MEDICAL TECHNOLOGISTS 


Parke, Davis & Company has a number 
of openings in the Detroit area for female 
bacteriologists, biologists, and medical 
technologists at the B.S. and M.S. level, 
to do laboratory work in our research 
and production facilities. These openings 
are in virology, bacteriology, biology, 
antibiotics, immunology, and microbio- 
logical assay. Excellent opportunities to 
advance. Send complete résumé to 


Personnel Department 
Parke, Davis & Company 


Detroit 32, Mich. 











SCIENTIFIC 
WRITER 


A writer is required to prepare re- 
search and clinical reports for pub- 
lication. This person must have a 
good technical background. The 
position involves the analysis of 
data and searching the literature 
for necessary background data. 
Writing skill is required. Write 
stating qualifications and salary de- 
sired to Personnel Dept., Wyeth, 
Box 8299, Philadelphia 1. 














SCIENTIST 


Well-known pharmaceutical manufacturer located 
in Philadelphia has several openings for alert 
individuals having M.S. or B.S. in the pre- 
clinical sciences. Position in Science Information 
Department offers opportunities to work with a 
wide variety of scientific subjects. Applicants 
should have good written and oral expression. 
Liberal benefits. Send complete resume. Box 155, 
SCIENCE. 


IMMUNOCHEMIST M.D. or PhD. 
with training in immunochemistry or im- 
munology. Individual must be capable of 
carrying out independent basic research 
studies on properiies of the red cell. Some 
supervisory _ experience —— Send 
résumé to Employment Mana 
ORTHO PHARMACEUTICAL 
CORPORATION 
ROUTE 202, RARITAN, N. J. 




















Newly Established Scientific Positions at Vir- 
gina’s Marine Laboratory, MICROBIOLOGIST— 
Ph.D. or equivalent in training and experience in 
bacteriology/virology to participate in program 
of expanding marine microbiology department. 
ECOLOGIST—Ph.D. or equivalent in training 
and experience in marine or freshwater ecology, 
to study dynamics of marine communities. 
PHYSICAL OCEANOGRAPHER—Ph.D. or 
equivalent in training and experience in physi- 
cal oceanography to head program of estuarine 
and inshore hydrography. Salaries $6432-$8040 
depending on qualifications. Primarily research 
with some teaching duties in graduate Depart- 
ment of Marine Science. Director, Virginia Fish- 
eries Labatory, Gloucester Point. 7/29 
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(POSTON OPEN lll 


(a) Biochemist for basic and applied research in 
carbohydrate metabolism field with leading phar- 
maceutical firm; high salary, many fringe bene- 
fits; Midwest. (b) Animal Behavior Scientist for 
teaching and research at important medical 
school; Southeast. (c) Ecology Instructor or As- 
sistant Professor for teaching and biology re- 
search; liberal arts school; Midwest. (d) Train- 
ing Director of all industrial training functions 
and coordination of services for drug manufac- 
turer; around $10,000; East. (e) Bacteriologist to 
take charge of active department in 300-bed_hos- 
pital; California; (f) Information Scientist, Ph.D. 
in pharmacy or chemistry and writing ability; 
liaison duties and compilation of research data 
for pharmaceutical firm; around $10,000; East. 
(g) Biochemist trained in chromatographic and 
electrophoretic techniques for research center; 
around $10,000; Southwest. (h) Physiology Re- 
search Advisor for coordination of broad re- 
habilitation program for leading children’s cen- 
ter expanding into adult treatment; East. (i) Ad- 
vertising Manager with marketing experience for 
international division of leading pharmaceutical 
firm; Midwest. (j) Biologist qualified in paraffin 
and colloidin techniques to prepare slides in 
large-scale production; around $8500; Midwest. 
(k) Basic Research Scientists with keen imagi- 
nation and ability to work independently at re- 
search institute; high salaries, fringe benefits; 
East. S7-4 Medical Bureau, Inc., Science Divi- 
sion, Burneice Larson, President, 900 North 
Michigan Avenue, Chicago. x 


DIRECTOR QUALITY CONTROL 


For nationally known manufacturer of 
confectionary products. Midwest metro- 
politan area. Requirements: Ph.D. Food 
Technology or Chemical Engineering; spe- 
cialist in food technology, statistical quality 
control, 4 to 5 years of practical industrial 
experience. 








Superb opportunity for potential Vice 
President, Research and Development. 


Salary: $15,000 level 


Submit complete confidential résumé. 
Box 159, SCIENCE 





Medical Technologist, blood banking background 
desirable. Interest in research required. Excellent 
opportunity to participate in blood group re- 
search. Salary open. Mail replies to R. F. Ambe- 
lang, Milwaukee Blood Center, Inc., Milwaukee, 
Wis. ew 
(a) Pharmacologist; M.D. trained internal medi- 
cine or Ph.D. pharmacologist as clinical investi- 
gator, supervise research of outside investigators; 
newly created position in prominent midwestern 
pharmaceutical company; some _ travel, oppor- 
tunity for original research if desired, possible 
university appointment. (b) Biochemist; M.S. to 
supervise section, responsible quality control, in- 
stitution new _ procedures, research if desired; 
500-bed general hospital; $6500 or better; vicinity 
New York City. (d) Biologist; teaching experi- 
ence in bacteriology to have charge of course, 
northeastern university; minimum $6000. (d) 
Chemist; Ph.D. to develop procedures, supervise, 
teach technologists in busy laboratory supervised 
by two pathologists; 350-bed university-affiliated 
general hospital; Northwest. (e) Bacteriologist; 
M.S. to head department, very large, fully ap- 
proved general hospital; eastern city 150,000. 
(Please write for an analysis form. Out 64th 
year: Founders of the counselling service to the 
medical profession; serving medicince with dis- 
tinction over half a_ century.) Science Division, 
Woodward Medical Bureau, Ann Woodward, Di- 
rector, 185 North Wabash, Chicago. x 


SUPERVISOR 


Biological Control 
B.S. degree, major in pharma- 
cology or allied sciences. Ex- 
perience preferred. 


* © Good Salary 
© © Excellent Employee Benefits 


Send Résumé to Employment 
Manager 


E. R. SQUIBB & SONS 
New Brunswick, New Jersey 





Spon 
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The Market Place 


BOOKS «+ SERVICES + SUPPLIES » EQUIPMENT 





DISPLAY: Insertions must be at least 1 
inch in depth. eekly invoices will be 
sent on a charge account basis—pro- 
vided that satisfactory credit is es- 
tablished. 

Single_ insertion 

4 times in 1 year 
7 times in 1 year 

13 times in 1 year 

26 times in 1 year 

52 times in 1 year 


$40.00 per inch 
38.00 per inch 
36.00 per inch 
34.00 per inch 
34.00 per inch 
32.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 














iil BOOKS AND MAGAZINES ill 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


iil PROFESSIONAL SERVICES ill 






















LABORATORY SERVICES 
for the 
FOOD and DRUG INDUSTRIES 
Drug Evaluation. Food Additive Studies 
Chemical and Biological Assays, 
Clinical Studies, Research 


SINCE 1870 
\ 
Ney 
KE 
3 


LaWac_t & HARRISSON 
Div. $. 1921 Walnut St., Philadelphia 3, Pa. LO 3-4322_ 





[ SUPPLIES AND EQUIPMENT |i 








{jill SUPPLIES AND EQUIPMENT |) 


LIGHT SOURCES, Special 
PEN-RAY: Tiny size, far ultraviolet 
6.5mm Dia. %” and 2%” lengths. 
MINERALIGHT: Far & Near UV. 10 
models. 
BLAK-RAY: Near UV. 22 models. 
CHROMATO-VUE: Complete unit. 
View Chromatograms—Far and 
Near UV. No Darkroom Needed. 
Hg 198, High Resolution, 
Super High Intensity Sources 
Write for Catalogs 


Black Light Eastern Corp. Dept. SE-1 
4 Manhasset Ave., Port Wash., N.Y. 


SWISS 








| 

















FARMS 


GERMANTOWN NEW YORK 














ELECTRIC 


LAB 


Giant 8” Dial 





GRA LAB INTERVAL TIMER Automatic 
signalling and switching over unusually wide 
range of 3600 possible settings. 

GRA LAB MICRO TIMER 1/10 sec. or 1/1000 
min. stop clock. Remote start stop control. 


Write for catalog. 
DIMCO-GRAY COMPANY 
DAYTON 2, OHIO 


214 E, SIXTH ST., 
¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 












Miniature, All-Purpose CALCULATOR 


A precision instrument that 
will do all the caiculations of 
larger expensive desk models. 
Signe only 8 oz. Fits Hand 
Fast, accurate, mes f . +. com- 
pletely portable, Ideal for all on- 
the-spot calculating. Fully guar- 
anteed. Write for F'ree literature, 
prices, name of nearest dealer. 
THE CURTA COMPANY Dept. so 
14435 Cohasset St. Van Nuys, Celif. 











KYNURAMINE 
A New Monamine Oxidase 
Standard 
Reprint on Request 


REGIS Chemical Company 


1219 N. Wells Street 








Chicago 10, Illinois 


MICROSCOPISTS 


Medical and Scientific Technicians 


SAVE $80.00 
APOCHROMATIC Microscope 
Odjective: Bausch & Lomb # 31-11-28, Dry, 
20X N.A. 0.65—Guaranteed MINT NEW: 
ONLY $59.00 EACH 


Today’s comparable list price is $139.00 
maf limited stock. Remittance MUST come with 
order. 


8.3 mm. 


Scientific & Laboratory APP. 


Harry Ross, 61-C, Reade Street, N 


you neep THis FREE 


CATALOG FOR YOUR FILES 


Serums, antiserums and bloods 2 
of all kinds for technicians and tissue 4 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo, 


























"From the hand of the veterinarian 


to research” ® 


albino rats 
CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 
Henry L. Foster, D.V.M., President 
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American Made — Terrific Buy! 


Over 50% Saving 
STEREO MICROSCOPE 






Stock No. 30,276-W 


NEW! GRAPH RUBBER STAMP 















No. 50,255-W (3” square) 


Order by Stock No.—Check, M.O. or Open Account 
Money-back Guarantee. 


OFFSPRING OF SCIENCE .. . REALLY 
BEAUTIFUL! CIRCULAR DIFFRACTION- 
GRATING JEWELRY 


















Stock No. 70,210-W (370 pes) 
Stock No. 70,211-W (452 pes) 










f our NEW 
; CAMERA 


BINOCULAR- 
. HOLDER. I 
for long-range shots of 
* life, ships, people, 
Camera and binoculars at 
easily. Use any 














Big savings! Brand new! Crystal 
clear viewing—7 power. Every opti- 
Solves problem of recording graphed cal element is coated. An excellent 
material neatly in engineering note- night glass—the size recommended 
book reports, correspondence, etc. with- for satellite viewing. Individual eye 
out using bulky sheets of graph paper. focus. Exit pupil 7mm, Approx. field 
Simply stamp a clear graph pattern at 1.000 yds. is 376 ft. Carrying 
wherever needed. Use for electronic de ease includec 1 American 7 x 50°’s 
sign development and research records Se eae st 5. Our war surplus 
FR peace various curves from analytical price you real money 
data and math formulae—drawing curves 
from oscilloscope screens, ete. For all Stock No. 1533-W -......-...._.- Only bm 00 Postpd. 
engineers sales megrs, production con ax included) 
trol. Tattern is 100 blocks per sq. in 


$3.00 Postpaid 





Shimmering rainbows of gemlike color Stock No. 70,199-W ______ _ .---$7.95 Postpaid 
in jewelry cf exquisite beauty—made 
with CIRCULAR DIFFRACTION- 
GRATING REPLICA. Just as a Take Telephoto 
prism breaks up light into its full 
range of individual colors, so does Shots Thru 
the diff tion grating. Promises tu 
become a rage in current fashion. 7 x 50 
Stock No. 30,349-W Earrings ~~. ~--$2.75 Pstpd. MONOCULAR 
Stock No. 30,350-W Cuff Links — -$2.75 Pstpd. § This is fine quality, American made instrument—war 
Stock No. 30.372-W Pendant $2.75 Pstpd surplus! Actually % of U.S. Govt. 7 x 50 Binocular. Used 
; . m7 Ba * @ for al observation both day and night and to take 
Stock No. 30,373-W 2 Pins --__ -$2.75 Pstpd. fasein & telephcto shots with your camera “ and new, 
Steck No. 30,390-W Tie-Clasp --$2.75 Pstpd. § 95 value. Due to Japanese competition we close these out 
at a bargain price. Directions and mounting hints included 
Stock No. 50.003-w 





D-STIX CONSTRUCTION KITS 


ais LIFE SIZE HUMAN SKULL 
f A : . 
a KK For Scientists, Teachers eAYSTOAt Ts edue: a aioe Fascinating 
z conversation piece kull is anatomicall 
Weg {Bs H Scientists, teachers, planners—let D- correct—made of nz mead bone color ; hotie 
VY STIX help you visualize and crystal- hard, lifetime plastic Parts snap to 
SS ize complex acta Colored anya sticks gether—take apart. Spring-action lower 
” thick and ** y-on’’ rubber joints jaw. Removable skull cap for examination 
approx. 3/16 diana: fit together fast of skull cavity, nasal passages. ete. Ideal 
help you work out molecular structures, geometric fig- for scientists, doctors, dentists, teachers 
ures, structural members, shapes, models of scientific ap- 9 students, artists. Stand and Instruction and Anatomy 
paratus, Ideal for ‘*3-dimensional Piao * instruction Chart included : 
Jurable kits. Money-bac’ uarantee. ? 

lemonstration, Durable kit y g ak ee Sw $4.95 Postpaid 


~-$5.00 Pstpd. 
$7.00 Pstpd. 





you’re science-minded—you'll drool over it! Wealth of 
NEW BINOCULAR-TO-CAMERA HOLDER useful Wahl on Science, Math, Engineering, 
Chemistry, Ph s, etc. 8% Ibs—size 9” x 11”. 

Will Fit Any Camera Sik We WE, gases as $29.75 Postpaid 
For Exciting Telephoto Pic- 
tures. Bring distant objects 
7 times nearer with a 35mm 

camera, 7x50 binocular and BEGINNER’S LENS KITS! 


vistas. 


binocular or 


a bs ter $ 1.00 Pstpd. 
monocular—any camera, still 
or movie, Take color or black and white. Attractive gray J Stock No. "s W Gadgeteer’s Delight, 
crinkle and bright chrome finish, 10” long. Full 45 Lenses ~-..-------.---------------- $ 5.00 Pstpd. 
directions for taking telephotos included. Stock No. 10: W Experimenter’s Dream, 
Steck No. 70,228-W ........---.-...---- $11.50 Postpaid 50 Lenses -- $10.00 Pstpd. 


ORDER BY STOCK NUMBER .SEND CHECK OR MONEY ORDER. 


ASSEMBLED 


AND : 





GET READY FOR THE SPACE and SCIENCE ERA! SEE SATELLITES, MOON ROCKETS ving bel 


“AMAZING SCIENCE BUYS 





for FUN, STUDY or PROFIT | 


See the Stars, Moon, Planets Close Up! 


ASTRONOMICAL REFLECTING TELESCOPE 





War Surplus American-Made 7x50 Binoculars 











Terrific Buy! American Made! 
OPAQUE PROJECTOR 


Projects illustrations up to 3” x 
and — es ther 





m. No film or n 
tives led Projects charts. dia 
grams, ‘piste photos. lettering in 
full color or black-and-white. Op : 
erates on 115 v« Ht A.C. current. 6-ft. extension cord an 
plug inclu led. Operates on 60 watt bulb, not included 
Si x 4%” wide. Weight 1 Ib.. % oz. Plastic 
case with built in handle c 









































$15.00 Postpaid 


















SCIENTIFIC ENCYCLOPEDIA 


1800 pages! 1400 2,000,000 
100,000 definitions articles. 


Over 
words 


illustrations 
—14,000 


over 
separate 















TO 
deal 


1H FOR FOR ADULTS! FUN FOR CHILDREN! 
wilc 


Kits include plainly written, illustrated booklet showing 
how you can build lots of optical items. 


tach 9 Stock No. 2 Beginner’s Kit, 


















60 to 180 Power. An unusual Buy! Famous Mt. Palomar Type 
Years in development. rita $300 READY TO USE! You'll see the Rings of Saturn, the fascinating planet Mars, huge 
to $400 Hecht UE Precis mer craters on the Moon. Star Clusters, Moons of Jupiter in detail. 
or chee in xies! Equatcrial mount with lock on both axes. Aluminized and 
s mbly Up -coated 3” diameter high-speed f/10 mirror. Telescope comes 
re. Clear, sha arp cculnead with a 60X eyepiece and a mounted Barlow Lens. giving 
erect image. Wide. 3 dimensional you 60 to 180 power. An Optical Finder Telescope, always so 
field. 2 sets of objectives on rotating essential, is also included. Sturdy, hardwood. portable tripod 
turret. 23X and 40X. 10 Days Free FR with Scope:—Valuable ST CHA plus page 
Trial. HANDBOOK OF EAVENS” plus “HOW TO USE YOUR 
ee Stock No. 85.056-W $99.50 TELESCOPE” BOOK 
f.o.b. Barrington, N.J. Photographers! This is an actual photograph SS RR OI ics vskticseeeecestenicenn ee $29.95 Postpaid 
Low Power Supplementary Lens Attachment for above J Of the mocn taken through our Astronomical 
Stereo—provides 15X down to 6X with clear, extra large § Telescope by a 17-year student. Me apa Telescope—up to 255 Pow 
1%” field at 6X. Stock No. 85, ‘006-W ESE: $74.50 F.0.B. Barrington, N.J. 





WAR SURPLUS!—INFRARED SNOOPERSCOPE 
Govt. Cost $900—Bargain at $39.50 


Converts infrared to visible light 
See in total darkness without being 











seen. Use in lab, factory, classreom 

ete. Completely portable. Operates 

on two flashlight batteries (not in 

cluded). Image is quite good, may 

be made even better by ca fu ! 

focusing. Size 1144” 8”. We SP sii. 
with carrying case oe Ibs. No fafa light s« 
furnished. (See below 


Stock No. 85,098-W_-___--$39.50 f.o.b. Barrington, N. J. 
INFRARED LIGHT SOURCE AVAILABILITY! 
Uses 6-volt transformer or 6 V auto battery to operate. 
Stock No. 80,035-W 


ne yen ee $10.00 Postpaid 





3-D DESIGN WITH SPACE SPIDER 
Create 3-dimensional colored de- 
signs that “‘float in space’’ simply 
by weaving fluorescent strands be- 
tween different planes of ‘“‘shadow 


box.” Design abstractions, plane 
and solid geometrical figures 
Demonstrate equations x, y and z 


Visualize engineering 
For home dec 


planes. 
cents. 


con- 
ration or edu- 





cational use. “Black Lig ht" the 
design and create incred beau & : 
tiful sight. Kit conta lack notched wood panels (the 





background), each reels fluorescent thread, 





black clips + instruction booklet 

ce 8 ee $2.95 Postpaid 
SPECIAL! Sa A % b Space Spiders! 4 
Stock No. 70,297-W ----.---.-.-------- $10.95 Postpaid 








NOTICE: EDMUND IS NOW HEADQUARTERS FOR 
MATH LEARNING AND TEACHING AIDS! SEE 
OFFERINGS IN OUR FREE CATALOG.—“W 





NEW! CIRCULAR SLIDE RULE! 


Pocket Size— 

Fast—Easy to Use! 
a Math Wiz! New 
Rule multiplies, 
fractions, 
squares, cubes, 
circumferences, retail prices, 
fuel consumption. Eliminates 
confusions of ordinary slide-rules. 
Directions included. 


Stock No. 30,336-W 


Circular 
divides, 
percentages 
roots, 





proportions, 






EE CATALOG? 


Optics for the Space Era! 











128 PAGES! OVER 
1000 OPTICAL BUYS! 


caries 509 


Huge selection of lenses, 
prisms, war surplus op 
tical instruments, parts 
and accessories. Tele- 
scopes, microscopes, 
binoculars, infrared 
sniperscope, etc. Low- 
cost Science and Math 
Learning and Teaching See 
aids. EDMUND SCHENTIFIC CO 


Request Catalog W. 








Easy Payment Plan Available! Detaiis with Catalog! 


SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC €O.,B8ARRINGTON, NEW JERSEY 








a new concept in Fluorometer-Nephelometer design . . . 


Turner 
FLUOROMETER 


Full Scale Reading 
(100 Divisions) 


with only 


5 PARTS per BILLION 
Quinine Sulphate 


> Four-watt u.v. lamp minimizes sample deterioration 
> Resolves 0.01 ppm silica when used as a néphelometer 


A compact, stable instrument for quantitative fluorescence analysis, simple in 
operation and with extremely high sensitivity, i.e. 5 parts per billion quinine 
sulphate produces full scale (100 divisions) change on most sensitive range. 
Can also be used as a nephelometer to resolve as little as 0.01 APHA standard 
turbidity unit. Range selector provides for reducing the sensitivity if required. 

Sample emission is determined by manually balancing its effect with that of 
a reference beam from the same light source upon a single photomultiplier tube, 
employing a rotating light interrupter to pass sample and reference beams 
alternately. Difference in relative a.c. detector output, amplified by a highly 
stable first stage, is sensed by’ a phase shift detector and fed to a null-type 
meter. Intensity of reference beam is regulated by a linear cam in the light 
path, which permits calibration in terms of 100 equal divisions on the ‘‘Fluores- 
cence’’ dial. Design eliminates dark current effects; light source, detector and 
line voltage variations; and zero point error. 

Takes 2-inch square filters for operation at 405, 436 or 546 mmu with 4-watt 
lamp and various secondary filters. Requires 2.5 to 4 ml samples in either 
standard test tubes, 10 to 12 mm inside diameter, or in 10 mm square cuvettes. 

Adequate 3600A u.v. excitation is obtained with only 4-watt lamp output, 
thereby minimizing sample deterioration by light or heat. Interchangeable 
lamp (254 mmu), quartz cuvettes and special filters are available for 2537A 
operation. 


Fluorometer, Turner, complete outfit with general purpose accessories for 3600A operation, 
consisting of set of five matched cuvettes 75 x 12 mm, primary filter 360 mmu, secondary 
filter 415 mmu, spare 4-watt ultraviolet lamp, and service manual; for 115 volts, 50 or 
Sorc. | Oe A ge, a re re Sa cs. Same MM en ror 985.00 
Square Cuvette, of Pyrex brand glass, precision bore, Uranium Pellet Door, interchangeable with standard 


75 x 10 mm; only accessory required for neph- door. Standard fusion pellets drop into place and can 
elometry 10.00 be ejected by a spring device.............. 45.00 


Detailed descriptive bulletin sent upon request. 


Applications 
agronomy 
air pollution 
biochemicals 
clinical analyses 


- crime analyses 


drugs 

essential oils 

fine chemicals 
food chemistry 
hormones 
industrial hygiene 
medical research 
metals 

petroleum 
pharmaceuticals 


semiconductor 
research 


toxicology 
trace analyses 


water contaminants 
etc., etc. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on ae Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 








